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Description 

1 . Field of the Invention: 

5 [0001] The present invention relates to a liquid crystal display device and a method for producing the same. More 
particularly, the present invention relates to a liquid crystal display device in which liquid crystal regions are surrounded 
by polymeric walls and a method for producing the same. 

2. Description of the Related Art: 

w 

[0002] Conventional liquid crystal display devices utilize a variety of display modes as follows: As liquid crystal display 
devices utilizing an electro-optic effect, a twisted nematic (TN) liquid crystal display device and a super-twisted nematic 
(STN) liquid crystal display using nematic liquid crystal have been put into practical use; and a liquid crystal display 
device utilizing a ferroelectric liquid crystal has been proposed. Such liquid crystal display devices require to be provided 
15 with a polarizing plate and to undergo an alignment treatment. Other liquid crystal display devices requiring no polarizing 
plate, which utilize a dynamic scattering (DS) effect and a phase change (PC) effect have also been proposed. The 
cell therein has no polymeric wall in the display region. 

[0003] Recently, as a liquid crystal display device requiring neither a polarizing plate nor an alignment treatment, a 
display device utilizing the birefringence of liquid crystal so as to electrically control the transparent state and the 

20 opaque state has been proposed. Such a liquid crystal display device, which is designated as a polymer dispersed 
liquid crystal display device, includes a pair of substrates sandwiching a display medium including liquid crystal droplets 
dispersed in a polymeric material. In the polymer dispersed liquid crystal display device, the liquid crystal molecules 
are uniformly oriented under the application of a voltage. As a result, the refractive index of the liquid crystal molecule 
with respect to ordinary light is matched with the refractive index of the polymeric material, which is a supporting 

25 medium, thereby displaying the transparent state. When no voltage is applied, the liquid crystal molecules are not 
oriented and cause light scattering, thereby displaying the opaque state. 

[0004] An example of the production method for such a liquid crystal display device includes a method in which a 
liquid crystal is contained in a polymeric capsule disclosed in Japanese National Publication No. 58-501631. Another 
example is disclosed in Japanese National Publication No. 61-502128, in which a liquid crystal material is mixed with 
30 a polymeric material including a photopolymerizable material or a thermosetting material, and the polymeric material 
in the obtained mixture is polymerized so as to deposit the liquid crystal material. Thus, liquid crystal droplets are 
formed in the polymeric material. The liquid crystal display devices produced by these conventional methods use a 
display mode in which the transparent/opaque states are electrically controlled. 

[0005] As a a display device utilizing a polarizing plate with an improved viewing angle, Japanese Laid-Open Patent 

35 Publication Nos. 4-338923 and 4-212928 disclose a liquid crystal display device including the above-mentioned poly- 
mer dispersed liquid crystal sandwiched between a pair of polarizing plates disposed so that the respective polarizing 
directions thereof cross at a right angle. Such a display device has largely improved viewing angle characteristics, 
although the brightness thereof is disadvantageously a half as low as that of a TN liquid crystal display device because 
the polarization is eliminated by the scattering of light. The contrast decrease due to the light scattering caused on the 

40 interface between the liquid crystal material and the polymeric material can be solved under the following condition: 
To minimize the interface between the liquid crystal material and the polymeric material in a pixel; and to control the 
position and the size of a liquid crystal region so as to make one pixel include at least one liquid crystal region. Under 
the present conditions, however, a liquid crystal region is formed by passively curing the polymerizable material or by 
using irradiating light with intensity distribution. Therefore, the polymeric material enters a pixel due to light leakage, 

45 resulting in preventing the accurate control of the position and the size of the liquid crystal region. 

[0006] Furthermore, Japanese Laid-Open Patent Publication No. 5-27242 discloses a method for improving the view- 
ing angle by disturbing the orientation of liquid crystal molecules with walls or projections of a polymeric material so 
as to form random domains. According to this method, however, the domains are formed at random and the polymeric 
material enters a pixel. Moreover, a disclination line between the liquid crystal regions is formed at random and is not 

50 eliminated even under the application of a voltage. As a result, the liquid crystal display device produced by this con- 
ventional method has low contrast. Specifically, the light transmittance under application of no voltage and the black 
level under application of a voltage are disadvantageously low. 

[0007] Conventionally, a liquid crystal display device is produced by using a mixture of liquid crystal material and a 
polymerizable material (prepolymer, resin material) in a single phase. For example, a liquid crystal display device 
55 utilizing light scattering, which is completely different from a liquid crystal display device disclosed herein, is produced 
by this method. According to this method, the prepolymer component is removed as a polymer through chemical po- 
lymerization, thereby depositing liquid crystal material basically at random. Further polymerization changes the residual 
prepolymer component into the polymer, resulting in the liquid crystal region being surrounded. Alternatively, a network 
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of the polymer is formed in the liquid crystal material. Although the position and the form of the liquid crystal region 
and the polymer region depend upon the rate of the polymerization, the dependence is not sufficient for the above- 
mentioned accurate control for the following reason: A core from which the deposit of the liquid crystal material starts 
is positioned at random. The liquid crystal phase starts growing from the random core, and a liquid crystal region is 
formed while the position of the core is retained. Since the position of the core is at random, it is impossible to control 
the position of the liquid crystal region to be formed. Furthermore, it is necessary to form an independent liquid crystal 
region with a size as large as or a half as large as a pixel, in order to prevent light scattering in a display region. When 
the size of the liquid crystal region is controlled by the polymerization rate, the polymerization rate is required to be 
low in order to form a large liquid crystal region. In order to use a low polymerization rate, it is necessary to accurately 
control various factors to determine the reaction rate of the mixture such as the temperature of a substrate, the reaction 
heat, the mixed ratio and purity of materials and the like. Therefore, the production becomes extremely complicated. 
[0008] In the above-mentioned polymer dispersed liquid crystal display device utilizing a mixture of a polymeric ma- 
terial and liquid crystal material, due to the production method, it is unavoidable that the respective liquid crystal regions 
have different shapes, and it is difficult to control the positions of the liquid crystal regions in the direction along the 
surface of the substrate. Moreover, since the positions of the liquid crystal regions cannot be accurately controlled, the 
respective liquid crystal regions have different driving voltages, resulting in a loss of the sharpness in the change of 
the characteristics regarding the threshold value in the electro-optic characteristics and so relatively raising the driving 
voltage. As a result, the display quality is disadvantageously degraded. 

[0009] Further, it is difficult to use such a liquid crystal display device for a refined wide scope since the liquid crystal 
regions have different shapes and it is difficult to accurately control the positions of the liquid crystal regions in the 
direction along the surface of the substrate as described above. In addition, for the same reason, when the liquid crystal 
display device is driven by a duty drive system using an average signal level obtained by turning on/off a signal, a 
threshold voltage for driving the display device is fluctuated. Therefore, the sharpness in the change of the electro- 
optic characteristics is decreased, resulting in a difficulty in making the duty ratio large. 

[0010] In view of these conventional liquid crystal display devices having the above-mentioned problems, the present 
inventors have realized the following liquid crystal display device having a novel display mode: In one of the liquid 
crystal display devices, liquid crystal material and a polymeric material are more definitely divided so as to place the 
liquid crystal material in a pixel and the polymeric material in a non-pixel portion. The polymeric material is made into 
the shape of a wall to connect a pair of substrates opposing each other. Therefore, the wall formed of the polymeric 
material works as a kind of a spacer, thereby improving the shock resistance of the resultant liquid crystal display 
device. The present inventors have proposed two methods for producing this liquid crystal display device. 
[0011] One of the methods is disclosed in Japanese Patent Application No. 5-30996. According to this method, a 
mixture of a liquid crystal material, a photopolymerizable material and a photopolymerization initiator is injected between 
a pair of opposing substrates. Then, a photomask is placed on one of the substrates so as to shield pixels, and the 
mixture is irradiated with UV rays through the photomask. Thus, liquid crystal material is collected in the pixels, that 
is, in the weakly irradiated areas, and the polymeric material is collected in the non-pixel portions, that is, in the strongly 
irradiated areas. In this manner, a liquid crystal display device having a display medium including the liquid crystal 
regions and the polymeric walls is produced. In this method, since the pixels are shielded by the photomask, the liquid 
crystal regions can be formed in the pixels as desired. 

[0012] The other method is disclosed in Japanese Patent Application No. 6-25485. This method adopts a self-align- 
ment method using an ITO (indium and tin oxides) electrode as a photomask. According to this method, the ITO elec- 
trode, which has a characteristic of absorbing UV rays, is used as a photomask, and a strongly irradiated area and a 
weakly irradiated area are formed due to the difference in the UV-ray transmittance between the area shielded by the 
ITO electrode and the area not shielded by the ITO electrode. Thus, liquid crystal material is collected in pixels. 
[0013] The present inventors have made studies to attain complete phase-separation without leaving a polymeric 
material in a pixel, i.e., to attain complete independence of the liquid crystal region from a polymeric region (polymeric 
wall). It is difficult to completely separate the liquid crystal material and the polymeric material because the polymeric 
material occasionally remains in the liquid crystal region, or the liquid crystal material occasionally remaining in the 
polymeric wall. In the former case, the polymeric material remained in the liquid crystal region decreases the aperture 
ratio of the liquid crystal device. Further, since the polymeric material remains on an alignment film, the quality of the 
alignment state is degraded, thereby degrading the optical characteristics of the liquid crystal material, for example, 
decreasing the response rate and the contrast. In the latter case, light is scattered in the non-pixel portions, and the 
mechanical strength of the polymeric wall is decreased, thereby possibly degrading the shock resistance of the liquid 
crystal device. In this manner, insufficient separation of the liquid crystal material and the polymeric material causes 
various problems. 

[0014] In the production method disclosed in the above-mentioned Japanese Laid-Open Patent Publication No. 
4-21 2928, since the liquid crystal region is formed by using the phase-separation, it is difficult to accurately control the 
size and the planar position of the liquid crystal region. 
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[0015] A conventional liquid crystal display device using a polarizing plate is not suitable for wide viewing because 
of its poor viewing angle characteristics. For example, a TN liquid crystal display device has a structure as shown in 
Figures 7 A through 7C. As shown in Figure 7A, liquid crystal 9 is sandwiched between substrates 1 and 2 so as to 
have an initial orientation of 90° twist and rise in one direction at a certain angle (i.e., a pretilt angle). When a voltage 

5 is applied by a DC power supply 11, before the liquid crystal molecules 10 rise in the same direction to be parallel to 
the normal lines of the substrates 1 and 2 as shown in Figure 7C, the liquid crystal molecules 1 0 tilt in the same direction 
as shown in Figure 7B. Therefore, the apparent refractive index is different when seen from the directions of an arrow 
A and an arrow B. As a result, the contrast of the display is largely different when seen from the directions of the arrows 
A and B, and an abnormal display such as the reversal of black and white colors can possibly be caused. In this manner, 

10 the conventional display mode has a problem of poor viewing angle characteristics. 

[0016] Recently, the present inventors have proposed, in Japanese Patent Application No. 5-78378, a liquid crystal 
display device in which liquid crystal material and a photopolymerizable material is regularly phase-separated by irra- 
diating the mixture of the liquid crystal material and the photopolymerizable material in a liquid crystal cell with UV rays 
having a uniform (regular) intensity distribution. The liquid crystal display device has extremely improved viewing angle 

15 characteristics because of axisymmetrically oriented liquid crystal domains or liquid crystal molecules. 

[0017] In this liquid crystal display device, as shown in Figure 8A, a liquid crystal region 7 surrounded by polymeric 
walls 8 between substrates 1 and 2 is formed in each pixel. Thin films 13 and 14 are respectively formed between the 
liquid crystal region 7 and the substrates 1 and 2. The liquid crystal region 7 includes a plurality of liquid crystal domains 
12, and each domain 12 includes liquid crystal molecules 10 having an initial orientation of 90° twist and rising in one 

20 direction at a certain angle (i.e., a pretilt angle). Before the liquid crystal molecules 1 0 rise in the direction to be parallel 
to the normal lines of the substrates 1 and 2 under the application of a voltage by a power supply 1 1 as shown in Figure 
8C, the liquid crystal molecules 10 tilt so as to have a directional component vertical to the substrates 1 and 2 due to 
the interaction between the liquid crystal molecules 10 and the polymeric wall 8. Therefore, the apparent refractive 
index is approximately the same when seen from the directions A and B. Thus, the viewing angle characteristics of 

25 this liquid crystal display device are largely improved. 

[0018] In order to orient the liquid crystal molecules 10 in an axisymmetrical manner, which is the most effective 
orientation for improving the viewing angle characteristics, a polymeric wall or pillar is required in the center of the 
pixel. Such a polymer wall or pillar, however, decreases the size of the liquid crystal region 7, thereby decreasing the 
light transmittance under the application of no voltage. Further, a disclination line 1 5 between the liquid crystal domains 

30 12 can neither be controlled nor eliminated even under application of a voltage, thereby decreasing the contrast. 

[0019] Furthermore, as shown in Figure 9, between the liquid crystal region 7 and the substrate 1 or 2 exists an area 
8a where the liquid crystal 7 and the polymeric material 8 are mixedly present. The liquid crystal molecules in the area 
8a do not respond to an external electric field. Therefore, even when a voltage applied between electrodes 3 and 4 on 
the substrates 1 and 2 is saturated, light leakage is caused due to the birefringence of the liquid crystal molecules in 

35 the area 8a, thereby decreasing the contrast of the liquid crystal display device. 

[0020] Moreover, since the liquid crystal material and the polymeric material is separated by UV-ray irradiation 
through a mask, a UV-ray irradiation apparatus having a collimated light source is required to maintain accuracy in 
forming a pattern, thereby increasing the production cost. 

[0021] Thus, a method for definite phase-separation between liquid crystal material and a polymeric material has 

40 been seriously required. 

[0022] EP-A-0 568 355, which is prior art under Article 54(3) EPC for all designated contracting states, discloses a 
liquid crystal display device in which a liquid crystal material is disposed between a first substrate and a second sub- 
strate. The liquid crystal material comprises liquid crystal regions separated by a polymeric wall. The liquid crystal 
material does not come into direct contact with the addressing electrodes of the device. The device is manufactured 

45 by selectively irradiating a mixture of a liquid crystal material and a photopolymerisable material. A thin film containing 
a polymerisation initiator is disposed on selected parts of the substrates, to aid the formation of the polymeric wall. 
[0023] The present invention provides a liquid crystal display device comprising: a pair of substrates, at least one of 
which bears a plurality of areas defined by a regular pattern of arrangement of surface free energy; a polymeric wall 
made of a polymeric material formed by polymerising a polymerisable compound, the wall being sandwiched between 

50 the substrates and disposed in areas having a first surface free energy; and a plurality of liquid crystal regions made 
of a liquid crystal material substantially surrounded by the polymeric wall, sandwiched between the substrates, and 
disposed in areas having a second surface free energy, each liquid crystal region being in direct contact with an as- 
sociated electrode; 

wherein positions of the areas having the first surface free energy, the areas having the second surface free 
55 energy, the polymeric wall and the liquid crystal region are determined so that the first surface free energy y P , the 
second surface free energy y E , surface free energy y LC of the liquid crystal material and surface free energy y M of the 
polymeric material satisfy the following relationship: 
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(Y E " Y P ) x (Ylc " Y M ) > 0 

[0024] When this relationship is satisfied, the second surface free energy Ye is larger than the first surface free 
5 energy y P and the surface free energy y LC of the liquid crystal material is larger than the surface free energy Ym of 
the polymeric material. Alternatively, the second surface free energy Ye is smaller than the first surface free energy 
Y P and the surface free energy Ylc of tne liquid crystal material is smaller than the surface free energy Ym of tne 
polymeric material. In either of the above cases, the liquid crystal region is formed in part of the plural areas having 
one surface free energy, and the polymeric wall is formed in part of the plural areas having the other surface free 
10 energy. Thus, the liquid crystal material is definitely phase-separated from the polymeric material. 
[0025] In one embodiment, the first surface free energy is smaller than the second free energy. 
[0026] In another embodiment, a gap d 1 between the substrates in a pixel is larger than a gap d 2 between the 
substrates in at least part of a non-pixel portion. 

[0027] In this embodiment, the surface free energy of the area having the gap d 1? the surface free energy of the area 
15 having the gap d 2 , and the surface free energy of the liquid crystal material and the polymeric material can satisfy the 
above-mentioned relationship. Therefore, the liquid crystal material is definitely phase-separated from the polymeric 
material. 

[0028] In still another embodiment, the gaps d 1 and d 2 are determined so as to satisfy the following relationship: 

20 

0.1 x d 1 < d 2 < 0.9 x d 1 

[0029] Also in this case, the liquid crystal material is phase-separated from the polymeric material. 
[0030] In still another embodiment, the liquid crystal display device is an active matrix display device, and one of the 
25 substrates having an active element has a light shielded area in the non-pixel portion, and the other substrate has an 
area partially transmitting UV rays in at least part of the non-pixel portion. 

[0031] In this embodiment, the phase-separation between the liquid crystal material and the polymeric material can 
be caused by UV-ray irradiation in addition to the above-mentioned manner using the difference in the cell gaps. 
[0032] In another embodiment a thin film is formed in at least part of a non-pixel portion on a surface bearing the 
30 display medium of at least one of the substrates. The thin film is formed so as to make surface free energy of the non- 
pixel portion smaller than surface free energy of a pixel. 

[0033] In this embodiment, the thin film is formed so as to provide the uniform pattern of arrangement of the surface 
free energy, thereby causing phase-separation between the liquid crystal material and the polymeric material. 
[0034] In one embodiment, each of at least 70% of the pixels has at least one of the liquid crystal regions having a 
35 size of 30% or more of that of the pixel. 

[0035] In this embodiment, the aperture ratio of the liquid crystal display device can be increased, thereby increasing 
the clearness of a displayed image. 

[0036] In another embodiment, the surface free energy of the non-pixel portion is 75 mJ/m 2 or less. 

[0037] In still another embodiment, a difference in the surface free energy between the non-pixel portion and the 

40 pixel is 15 mJ/m 2 or more. 

[0038] A further aspect of the invention provides a method of producing a liquid crystal display device including a 
pair of substrates, at least one of which is transparent, and a complex film sandwiched between the substrates, the 
complex film including a liquid crystal material and a polymeric material; the method comprising controlling the free 
energy of the interface between at least one of the substrates facing the complex film and at least one of the liquid 

45 crystal material and the polymeric film so as to control the position of the liquid crystal material during the production 
of the liquid crystal display device. 

[0039] In another embodiment, a photosensitive resin is used for controlling the free energy of the interface. 
[0040] In this embodiment, the phase-separation between the liquid crystal material and the polymeric material can 
be conducted definitely, thereby forming the liquid crystal region and the polymeric wall with high accuracy. 
50 [0041] In an embodiment, one or more areas of a substrate are treated so as to make the surface free energy of the 
treated area(s) of the substrate different from the surface free energy of a non-treated area of the substrate. 
[0042] In still another embodiment, a distance between the substrates is controlled so that a surface area of a phase- 
separated interface between components of the complex film in a controlled axi-symmetric orientation state is smaller 
than the surface area of the phase-separated interface between components of the complex film in an random orien- 
ts tation state, thereby controlling interfacial free energy on the phase-separated interface for spatially controlling the free 
energy of the system. 

[0043] In this embodiment, as the phase-separation proceeds, the components of the complex film in the irregular 
state moves into the controlled regular state, thereby gradually decreasing the surface area of the interface between 
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the components. Therefore, the liquid crystal material is definitely phase-separated from the polymeric material. 
[0044] Alternatively, in a method for producing a liquid crystal display device of this invention, a mixture including at 
least liquid crystal material and a photopolymerizable material is injected between a pair of substrates, irradiated with 
UV rays so as to cause phase-separation accompanied with a polymerization reaction, thereby regularly arranging a 
5 polymeric material and the liquid crystal material. In this method, at least one of the substrates has a plurality of areas 
formed by using a regular surface free energy arrangement so that surface free energy of areas having smaller surface 
free energy is 75 mJ/m 2 or less. 

[0045] In this embodiment, the phase-separation is caused not only by spatially controlling the surface free energy 
but also by the UV-ray irradiation. Therefore, the liquid crystal material is more definitely separated from the polymeric 
10 material. 

[0046] Alternatively, in a method for producing a liquid crystal display device of this invention, a mixture including at 
least liquid crystal material and a photopolymerizable material is injected between a pair of substrates and irradiated 
with UV rays so as to cause phase-separation accompanied with a polymerization reaction, thereby regularly arranging 
a polymeric material and the liquid crystal material. In this method, at least one of the substrates has a plurality of areas 

15 formed by using surface free energy arrangement having a difference in surface free energy of at least 15 mJ/m 2 . 
[0047] In an embodiment, the device includes a plurality of liquid crystal regions surrounded by a polymeric wall, 
and the method comprises the steps of: forming a thin film on at least part of a non-pixel portion of at least one of the 
substrates; attaching the substrates to each other so as to have the thin film on an inner surface and have a gap 
therebetween; injecting a mixture including at least liquid crystal material, a photopolymerisable material and a polym- 

20 erisation initiator into the gap; and irradiating the mixture with UV rays so as to form the display medium including the 
liquid crystal regions surrounded by the polymeric wall; wherein the step of forming the display medium includes phase- 
separation between the liquid crystal material and a polymeric material is conducted while applying at least one of a 
voltage and a magnetic field. 

[0048] In this embodiment, the surface free energy of the substrate or the cell gap between the substrates can be 
25 controlled by the thin film formed on at least one of the substrates in a desired patterned manner. Therefore, the phase- 
separation can be caused not only by the control of the surface free energy but also by the UV-ray irradiation, thereby 
definitely phase-separating the liquid crystal material from the polymeric material. 

[0049] In one embodiment, a portion of the mixture corresponding to a pixel is covered with a photomask in the step 
of irradiating the mixture with UV rays so that irradiation intensity on the portion covered with the photomask becomes 

30 80% or less of intensity of irradiating UV rays. 

[0050] In an embodiment the complex film is formed when a mixture including at least liquid crystal material and a 
thermopolymerisable material is injected between a pair of substrates and heated so as to cause phase-separation 
accompanied with a polymeric reaction, thereby regularly arranging a polymeric material and the liquid crystal material, 
at least one of the substrates having a plurality of areas formed by using surface free energy arrangement so that 

35 surface free energy of an area having a lower free energy is 75 mJ/m 2 or less. 

[0051] In an embodiment the complex film is formed when a mixture including at least liquid crystal material and a 
thermopolymerisable material is injected between a pair of substrates and heated so as to cause phase-separation 
accompanied with a polymeric reaction, thereby regularly arranging a polymeric material and the liquid crystal material, 
at least one of the substrate having a plurality of areas formed by using surface free energy arrangement with a differ- 

40 ence in surface free energy of 15 mJ/m 2 or more. 

[0052] In an embodiment the step of forming the display medium includes phase-separation between the liquid crystal 
material and a polymeric material is conducted while applying at least one of a voltage and a magnetic field. 
[0053] When a voltage or a magnetic field is applied to the mixture, the director of a liquid crystal molecule is aligned 
in the direction of the voltage or the magnetic field during the phase-separation between the liquid crystal material and 

45 the polymeric material. 

[0054] In still another embodiment, the photopolymerizable material includes a polymerizable liquid crystal material. 
[0055] In this embodiment, the phase-separation between the liquid crystal material and the polymeric material can 
be conducted more precisely. 

[0056] In still another embodiment, surface free energy of the photopolymerizable material is 40 mN/m or less. 

50 [0057] Also in this embodiment, the phase-separation is caused by the control of the surface free energy. 

[0058] In another embodiment, a liquid crystal cell fabricated by injecting the mixture including the liquid crystal 
material and the photopolymerizable material between the substrates is annealed from a temperature greater than an 
isotropic temperature T iso of the liquid crystal material and the photopolymerizable material down to a temperature 
below the isotropic temperature T iso . 

55 [0059] In this embodiment, the liquid crystal material is deposited from the mixture. After the deposit of the liquid 
crystal material, the photopolymerizable material is polymerised. Thus, the phase-separation between the liquid crystal 
material and the photopolymerisable material is conducted using the deposited liquid crystal material as a core. 
[0060] In an embodiment an alignment film is formed on the interface between one of the substrates and the complex 
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film. 

[0061] In an embodiment the alignment film is subjected to a rubbing treatment so that a surface of the alignment 
film is selectively reformed by using a difference in rubbing intensity due to a level difference caused by the electrodes. 
[0062] In an embodiment a coat is formed in a specified area on the alignment film. 
5 [0063] In an embodiment the method comprises the steps of: forming an alignment film on the substrates bearing 
the electrodes; forming a coat in a specified area on the alignment film; and subjecting the alignment film and the coat 
to a rubbing treatment. 

[0064] In an embodiment the phase-separation between the liquid crystal material and the polymeric material is 
conducted while applying at least one of a voltage and a magnetic field. 

w [0065] In an embodiment the photopolymerisable material includes a polymerisable liquid crystal. 

[0066] In an embodiment the surface free energy of the photopolymerisable material is 40 mJ/m 2 or less. 
[0067] In an embodiment a liquid crystal cell fabricated by injecting the mixture including the liquid crystal material 
and the photopolymerisable material between the substrates is annealed from a temperature greater than an isotropic 
temperature T iso of the mixture of the liquid crystal material and the photopolymerisable material down to a temperature 

15 below the isotropic temperature T iso . 

[0068] Thus, the invention described herein makes possible the advantages of(1) providing a liquid crystal display 
device in which liquid crystal material and a polymeric material is definitely separated and the position and the size of 
a liquid crystal region is well controlled so as to attain high contrast and remarkably improve the viewing angle char- 
acteristics as well as suppressing the change in the display characteristics caused by external pressure on the liquid 

20 crystal display device; and (2) providing a simplified production method for a liquid crystal display device in which 
positioning can be accurately controlled. 

[0069] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0070] Figure 1 is a sectional view of a liquid crystal display device according to Examples 1 and 1 a of the present 
invention. 

[0071] Figure 2 is a plan view of electrodes in the liquid crystal display device of Example 1 . 
30 [0072] Figure 3 is a plan view of electrodes in the liquid crystal display device of Example 1 a. 

[0073] Figures 4A through 4D are schematic diagrams of images obtained by observing the formation of polymeric 
walls in liquid crystal display devices of Examples 1a and 1b and Comparative Examples 1 and 2 with a scanning 
electron microscope (SEM). 

[0074] Figures 5A and 5B are plan views of a TFT substrate and a counter substrate in a liquid crystal display device 
35 of Example 1c and Comparative Example 3. 

[0075] Figure 6 is a sectional view of the liquid crystal display device of Example 1c and Comparative Example 3. 
[0076] Figures 7 A through 7C illustrate the principle of the viewing angle characteristics of a conventional liquid 
crystal display device. 

[0077] Figures 8A through 8C illustrate the principle of the improved viewing angle characteristics according to the 
40 present invention. 

[0078] Figure 9 is a sectional view of an area where a polymeric material is attached to a substrate within a conven- 
tional liquid crystal region of a liquid crystal display device. 

[0079] Figures 1 0A and 1 0B are a sectional view and a plan view of a cell used in the present invention, respectively. 
[0080] Figure 11 illustrates an example of the principle of the separation between liquid crystal material and a poly- 
45 meric material on areas having different surface free energy. 

[0081] Figure 12 illustrates another example of the principle of the separation between liquid crystal material and a 
polymeric material on areas having different surface free energy. 

[0082] Figures 13A and 13B are conceptual views of a pixel region according to the present invention in which the 
alignment regulation force on a substrate is not used. 
50 [0083] Figures 1 4A and 1 4B are plan views of a pixel in the case where a plurality of liquid crystal regions are present 
in a pixel. 

[0084] Figure 1 5 is a plan view of an example of a pixel containing a bifunctional polymerizable liquid crystal material 
observed through a polarizing microscope. 

[0085] Figures 1 6A and 1 6B illustrate a resist pattern on a substrate formed in Example 2. 
55 [0086] Figure 1 7 is a plan view of a liquid crystal display device produced in Example 2 observed through a polarizing 
microscope. 

[0087] Figures 18A through 18F are graphs showing the viewing angle characteristics of the liquid crystal display 
device produced in Example 2. 
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[0088] Figures 19A through 19F are graphs showing the viewing angle characteristics of a TN cell of Comparative 
Example 5. 

[0089] Figures 20A and 20B illustrate a resist pattern formed on a substrate produced in Comparative Example 4. 
[0090] Figure 21 is a plan view of a liquid crystal display device produced in Comparative Example 4 observed 
through a polarizing microscope. 

[0091] Figure 22 is a plan view of a color filter used in Example 3. 

[0092] Figures 23A and 23B are a plan view and a sectional view of a TFT substrate used in Example 3. 
[0093] Figures 24A and 24B are plan views of pixels produced in Example 4 observed through a polarizing micro- 
scope. 

[0094] Figure 25 is a plan view of a liquid crystal display device produced in Example 1 8 observed through a polarizing 
microscope. 

[0095] Figure 26 is a plan view of a liquid crystal display device produced in Example 20 observed through a polarizing 
microscope. 

[0096] Figure 27 is a plan view of a liquid crystal display device produced in Comparative Example 10 observed 
through a polarizing microscope. 

[0097] Figure 28 is a plan view of a liquid crystal display device produced in Example 22 observed through a polarizing 
microscope. 

[0098] Figure 29 is a plan view of a liquid crystal display device produced in Example 21 observed through a polarizing 
microscope. 

[0099] Figure 30 is a sectional view of a liquid crystal display device produced in Example 23. 
[0100] Figure 31 is a sectional view of the liquid crystal display device of Example 23 during a rubbing treatment. 
[0101 ] Figure 32 is a plan view of a liquid crystal display device of Example 23 observed with a polarizing microscope. 
[0102] Figure 33 is a sectional view of a liquid crystal display device of Example 24 during a rubbing treatment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0103] The outline of the present invention will be described first. 

[0104] In a liquid crystal display device including a liquid crystal region surrounded by polymeric walls, to attain 
sufficiently high contrast, it is necessary to make the interface between the liquid crystal region and the polymeric wall 
as small as possible and to place at least one liquid crystal region in one pixel. Therefore, control of the position and 
the shape of the liquid crystal region is required. Particularly, in order to prevent the contrast of the display from being 
decreased by light scattering on the interface, it is preferable that each of at least 70% of pixels has at least one liquid 
crystal region with a size of at least 30% of that of the pixel. 

[0105] Such a liquid crystal region surrounded by the polymeric walls can be obtained by injecting a mixture including 
a photopolymerizable material and a liquid crystal material into a gap between a pair of substrates (i.e., a cell) and 
causing photopolymerization of the photopolymerizable material for phase-separation between the liquid crystal ma- 
terial and the polymeric material. In order to control the position where the photopolymerization occurs, the following 
methods for forming areas where the liquid crystal material and the photopolymerizable material tend to be respectively 
positioned can be adopted. 

(1 ) To form areas where the photopolymerizable material tends to be collected: For example, on non-pixel portions 
on at least one of the opposing substrates is formed a thin film with a material having high wettability against the 
photopolymerizable material. Due to this thin film, the photopolymerizable material can be collected onto the non- 
pixel portions with ease, and the photopolymerization can be effected in the non-pixel portions. In this case, it is 
preferable that the relationship of (the surface free energy of the photopolymerizable material) = (the surface free 
energy of the thin film) < (the surface free energy of the liquid crystal material) is satisfied. When the surface free 
energy thereof satisfies this relationship, the liquid crystal region can be formed at the desired position. 

(2) To form areas where the liquid crystal material tends to be collected: For example, on pixels of at least one of 
the substrates is formed a thin film with a material having high wettability against the liquid crystal material. Due 
to this film, the liquid crystal material can be collected on the pixels. 

(3) To form areas where the photopolymerizable material and the liquid crystal material respectively tend to be 
collected: For example, a thin film is formed on pixels of at least one of the substrates with a material having high 
wettability against the liquid crystal material and another thin film is formed on non-pixel portions with a material 
that having high wettability against the photopolymerizable material. Due to these films, the liquid crystal region 
can be formed on a pixel with ease, and the polymeric wall can be formed in a non-pixel portion with ease. As a 
result, the liquid crystal region and the polymeric wall are definitely separated. 
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[0106] Among the above-mentioned methods (1 ) through (3), method (2), in which a thin film having high wettability 
against the liquid crystal material than in indium and tin oxides (ITO), is formed on the substrate, is not very practical 
except for a case where a metal film is formed. Therefore, method (1 ), in which a thin film having high wettability against 
the photopolymerizable material is formed on the substrate, is more suitable except for a case using for a reflection 
5 type display. Since an ordinary pixel has an electrode made of indium and tin oxides (ITO), the surface free energy of 
the thin film formed in method (1) is preferably smaller than the surface free energy of ITO. Further, in order to make 
a large difference in the surface free energy between the pixel (ITO) and the non-pixel portion, the surface free energy 
of the thin film is preferably 40 mN/m or less. 

[0107] Alternatively, it is possible to collect the liquid crystal material and the photopolymerizable material in desired 

10 positions by using irradiation intensity distribution. In conducting UV-ray irradiation, a photomask is provided so as to 
shield portions of the mixture corresponding to the pixels, and make the irradiation intensity againstthe shielded portions 
80% or less of that against the other portions. In the strongly irradiated portions, the photopolymerization rate is high, 
and the rate of the phase-separation between the liquid crystal material and the photopolymerizable material is also 
high. Therefore, in such areas, the polymeric walls are formed quickly. In the weakly irradiated portions, the photopo- 

15 lymerization rate is low. Therefore, the liquid crystal material is pushed aside onto the pixels, thereby forming the liquid 
crystal regions on the pixels. Thus, a photomask can make the phase-separation more definite. 
[0108] In addition, when polarizing plates are provided on the outside surfaces of the substrates, the produced liquid 
crystal display device works similarly as a conventional TN, STN, FLC (SSF) or ECB liquid crystal display device. 
[0109] The present inventors have found a novel method for forming a polymeric wall in a patterned manner in view 

20 of the difference in the affinity of a polymeric material and liquid crystal material with areas having different surface 
free energy or different cell gaps on a substrate. Further, the present inventors have found that contrast is improved 
in a liquid crystal display cell in which a liquid crystal region is surrounded by polymeric walls, liquid crystal molecules 
in the liquid crystal region are oriented axisymmetrically (radially), and each pixel includes substantially one liquid 
crystal domain (i.e., mono-domain). 

25 [0110] The outline of the present invention will now be described in more detail. 

1 . The necessity of the control of a liquid crystal region and a polymeric region (polymeric wall): 

[0111] In a dot matrix display, respective pixels contributing to the display are regularly aligned so as to form an 
30 image as a whole. A liquid crystal display device is generally driven by a simple matrix drive or an active matrix drive 
to form such an image. 

[0112] In a liquid crystal display device of this invention, a complex film composed of a display medium including a 
polymeric material and liquid crystal material is used for the display. The complex film is sandwiched between polarizing 
plates, thereby controlling the optical activity and the birefringence of a liquid crystal region by an electric field. Thus, 

35 the light transmitting state and the light shielding state are obtained. At this point, a polymeric material is optically 
isotropic and the optical characteristics thereof are not varied by an electric field applied to the display. Therefore, in 
order to obtain a sufficient contrast ratio, which is an index of clearness of the display and indicated as a ratio of the 
light transmittance in the light transmitting state and the light shielding state, the polarizing plates attached to substrates 
are required to be located so that the transmittance axes thereof cross at a right angle. Even when the polarizing plates 

40 are thus located, however, the light transmittance becomes irregular or roughness is caused in the display when the 
sizes of the liquid crystal regions are not sufficiently uniform. 

[0113] In order to control the irregularity of the light transmittance in each pixel, the number of the liquid crystal 
regions contained in one pixel is increased so as to prevent the optical characteristics of each liquid crystal region from 
affecting the characteristics of the pixel. By this method, however, a polymeric wall is unavoidably formed in the pixel, 
45 thereby decreasing the light transmittance. To obtain sufficient light transmittance of the entire display device, it is 
preferable that the liquid crystal regions are collected in a pixel as compared with in the non-pixel portion, and more 
preferably, each pixel is occupied by a single liquid crystal region. 

[0114] Therefore, it is significant to sufficiently control the position and the shape of a liquid crystal region in a pixel 
so as to attain a sufficiently high transmittance and to avoid the roughness in the display. 

50 

2. Production of a liquid crystal display device by controlling free energy: 

[0115] In the present invention, control of free energy is proposed as a controlling method for the positions of the 
liquid crystal region and the polymeric wall in a complex film. Under the control of free energy, a mixture in a single 
55 phase is phase-separated so as to collect the separated phases respectively at desired positions in desired shapes. 
By fixing these phases, the positions and the shapes of the liquid crystal region and the polymeric wall can be controlled 
as required. 

[0116] In order to separately form the liquid crystal region and the polymeric wall in the production procedure of the 
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display device, a mixture of liquid crystal material and a polymeric material (prepolymer) in a single phase is phase- 
separated by gradually decreasing the temperature thereof, and the separated phases are fixed. In the present inven- 
tion, by utilizing a difference in the physical and chemical characteristics between the separated fluid phases, or by 
utilizing the characteristics of the interface between the two phases, the positions and the shapes of the two phases 
5 are controlled, resulting in controlling the positions and the shapes of the liquid crystal region and the polymeric wall 
in the complex film to be produced. 

[01 17] This method is more effective in controlling the positions of the liquid crystal region and the polymeric wall as 
compared with the above-mentioned conventional methods. In this method, the variation in the reaction rate of the 
polymerization depending upon the kind of the prepolymer to be used does not largely affect the positions and the 
10 shapes of the liquid crystal region and the polymeric wall. 

3. Kinds of controllable free energy: 

[0118] Free energy accurately controllable between the substrates of a liquid crystal display device is suitable for 
15 the present invention. Examples of such controllable free energy include interfacial free energy, electric field energy, 
and magnetic field energy. 

4. The mechanism of the control of the phase-separation by controlling the free energy: 

20 [0119] In the present invention, the phases are separated not by the conventional method utilizing the polymerization 
of a polymerizable material, but by thermal phase-separation accompanied with the control of temperature. Therefore, 
during the phase-separation, the behavior of the reaction system is thermodynamically described. In the actual pro- 
duction procedure of a liquid crystal display device, it can be assumed that no material is substantially added to or 
removed from the system and that the heat capacity of a substrate is sufficiently larger than that of a complex film 

25 including the liquid crystal material and the polymeric wall. Further, it can be regarded that the time required for a liquid 
crystal molecule and a prepolymer molecule to move the distance of the size of the display device is sufficiently short 
as compared with the time scale of the phase-separation so the complex film substantially forms a thermally equilibrated 
system. The behavior of such a closed and thermally equilibrated system is generally described by using free energy. 
[0120] Helmholtz's free energy and Gibbs' free energy are generally used to describe the case where volume and 

30 pressure of the system are fixed, respectively. The distinction between them is required when it is necessary to consider 
the work of an external pressure to the free energy dominating the system under the condition of a fixed pressure, not 
a fixed volume (for example, in the case where a gas is in contact with the system). With regard to the liquid crystal 
display device under consideration, there is no need to distinguish them for the following reason: The volume condition 
is approximately fixed because the reaction system is in a space supported by a spacer or the like between the ap- 

35 proximately rigid substrates; and the point under consideration is in the phase-separation of a mixture including con- 
densed phases alone such as a liquid phase (an isotropic phase) and a liquid crystal phase. 

[0121] Now the positions and the shapes of a liquid crystal region and a polymeric wall that are artificially controllable 
by controlling such free energy will be described. 

[0122] The production procedure of the liquid crystal display device under consideration includes the following steps: 
40 A mixture of liquid crystal material (a liquid crystal phase) and a prepolymer (an isotropic phase) is injected between 
two substrates at a temperature that allows the mixture to be in the isotropic phase; and then, the mixture is annealed 
so as to separate the liquid crystal phase from the isotropic phase and the separated phases are fixed. In such a 
production procedure, during the phase-separation between the liquid crystal phase and the isotropic phase, it is pos- 
sible to control the free energy against at least one of the phases or the interface therebetween so that the free energy 
45 of the entire system relating to the phase-separation can be kept to a minimum when desired positions and shapes of 
a liquid crystal region and/or a polymeric wall are attained. The position and the shape of the liquid crystal region 
formed under this control closely approximate the desired ones as compared with those formed without this control. 
[0123] Further, when the free energy against at least one of the phases or the interface therebetween is spatially 
and selectively controlled in a patterned manner, the phases are located in accordance with the pattern. 

50 

5. Specific control of free energy and the mechanism thereof: 

[0124] The mechanism of control for the liquid crystal region by using a specific controlling method of free energy 
will now be described. 

55 

(1) Phase-separation by controlling interfacial free energy: 

[0125] A material having different interfacial free energy against the liquid crystal phase and the isotropic phase is 



10 



EP 0 645 660 B1 



previously coated on a substrate. By forming a desired pattern with this material, the liquid crystal phase can be located 
in accordance with the pattern. Such control can be attained by properly determining, as described below, the rela- 
tionship among the interfacial free energy of the substrate bearing the material against the liquid crystal phase, the 
interfacial free energy of the substrate bearing the material against the isotropic phase, the interfacial free energy of 
5 the substrate not bearing the material against the liquid crystal phase, and the interfacial free energy of the substrate 
not bearing the material against the isotropic phase. The thus positioned liquid crystal region is fixed, thereby attaining 
the desired position and shape of the liquid crystal region. This phase-separation will now be described in detail. 

(a) Phase-Separation between liquid crystal material and polymeric material: 

10 

[0126] In the present invention, a polymerizable material contained in a homogeneous mixture of liquid crystal ma- 
terial and the polymerizable material is polymerized so as to cause the phase-separation between the liquid crystal 
material and the polymeric material. At this point, two kinds of areas having different surface free energy or a different 
cell gap are formed in a patterned manner on the substrate. Since the affinity of the polymeric material and the liquid 
15 crystal material are different in the respective two areas, the liquid crystal region and the polymeric wall can be sepa- 
rately formed. 

[0127] Figures 1 0A and 1 0B show a typical cell used in the present invention. Figure 1 0A is a sectional view of the 
cell and Figure 1 0B is a plan view thereof. The cell of this invention includes a pair of substrates 1 and 2, and electrodes 
3 and 4 formed on the surfaces of the substrates 1 and 2 opposing each other. On at least one of the substrates (the 

20 substrate 1 in Figure 10A) are formed projections 16 made of a polymeric material or an inorganic material in areas 
other than pixels (hereinafter, referred to as the non-pixel portions). The pixel is substantially surrounded by the pro- 
jections 16. The mixture of liquid crystal' material and a polymerizable material injected into the cell is irradiated with 
UV rays (when the polymerizable material is a UV-ray polymerizable material) or heated (when it is a thermosetting 
material) so as to polymerize the polymeric material, thereby phase-separating the liquid crystal material from the 

25 polymerizable material. 

[0128] In the present invention, when the polymerization rate is sufficiently lower than the moving rate of the polymeric 
material, since the surface of the substrate 1 has a higher affinity against the liquid crystal material in some areas, 
partially phase-separated liquid crystal molecules are collected in such areas with a higher affinity and push aside the 
polymerizable material. Alternatively, in the substrate having two kinds of cell gaps, since less polymerizable material 

30 is required to form a polymeric wall in an area having a smaller cell gap, the polymerizable material is collected in such 
an area having a smaller cell gap. In this manner, a polymeric wall 8 and a liquid crystal region 7 are separately formed 
in accordance with the pattern formed on the substrates 1 and 2. 

[0129] In this case, since the difference in the surface free energy is used for the phase-separation, an area where 
the liquid crystal material and the polymeric material are mixedly present between the liquid crystal region and the 

35 substrate formed in the conventional method, i.e., the area 8a in Figure 9, is not formed, and the leakage of birefringent 
light caused by the liquid crystal molecules trapped in the polymeric wall is prevented at the time of voltage saturation. 
[0130] By this method, even when the pattern of the areas having different surface free energy is formed only one 
of the substrates, i.e., when a combination of a patterned substrate and a non-patterned substrate is used, the effect 
of the present invention can be sufficiently exhibited. Further, when the pattern is formed on both substrates, the effect 

40 of the present invention can be also sufficiently exhibited. When the pattern is formed on both substrates, it is not 
necessary to have the pattern on one substrate coincide with that on the other. For example, for a simple matrix system, 
an area having a different surface free energy is formed in a striped pattern on each substrate. When the respective 
substrates are facing to each other so that the stripes cross at a right angle, a liquid crystal device including latticed 
polymeric walls can be produced. 

45 

(b) The relationship of the surface free energy: 

[0131] In the present method, liquid crystal material and a polymeric material are regularly separated by using the 
difference in the surface free energy. Therefore, the relationship of the surface free energy between the liquid crystal 
50 material and the polymeric material and between the substrate and the patterned area thereon is significant. 

i) In the case where the surface free energy y LC of the liquid crystal material > the surface free energy y M of the 
polymeric material: 

55 [0132] In this case, it is possible to form the polymeric wall 8 in a non-pixel portion as shown in (b) of Figure 11 by 
allowing at least part of the projections 1 6 disposed in the non-pixel portions to have a smaller surface free energy as 
shown in (a) of Figure 11. 

[0133] It is preferable to add a polymerizable monomer including a fluorine (F) atom to the polymerizable material 
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because the surface free energy of the polymeric material is thus further decreased, resulting in exhibiting the effect 
of the present invention more clearly. In this case, since the miscibility between the polymerizable monomer including 
a F atom and the liquid crystal material is generally low, the liquid crystal material is effectively separated from the 
liquid crystalline monomer after the phase-separation and the amount of the liquid crystalline monomer material re- 

5 maining in the polymeric material is decreased. Therefore, the amount of the liquid crystal molecules in the polymeric 
material existing on the interface between the liquid crystal material and the substrate within the liquid crystal region 
can be decreased. As a result, the amount of the liquid crystal molecules not responding to an electric field under 
application of a saturation voltage, which is described with regard to the related art, can be decreased, thereby im- 
proving the contrast of the display. Further, when the polymerizable monomer including a F atom is contained therein, 

10 the F atoms are unevenly distributed on the interface between the liquid crystal material and the polymeric material. 
As a result, the anchoring intensity between the liquid crystal material and the polymeric material is decreased, thereby 
decreasing the driving voltage. 

[0134] Further, it is preferable to use a monomer including a F atom for forming the pattern in the non-pixel portion 
on the substrate because this allows the surface free energy thereon to extremely decrease. In this case, the effect of 
15 the present invention can be obtained by forming a thin film having larger surface free energy on a pixel. 

ii) In the case where the surface free energy y LC of the liquid crystal material < the surface free energy y M of the 
polymeric material: 

20 [0135] In this case, it is possible to form the polymeric wall 8 in a non-pixel portion by forming an area having smaller 
surface free energy in at least part of a pixel by using the projection 16 than that in the non-pixel portion as shown in 
(a) of Figure 12. 

[0136] In this manner, in both the case described in the above items i) and ii), the area having a different surface 
free energy is formed on the substrate 1 in a patterned manner. The liquid crystal material is thus trapped within a 
25 certain area by using the difference in the surface free energy. When the area having different surface free energy is 
formed on both substrates 1 and 2, the effect is preferably further enforced. In this case, it is not necessary to have 
the pattern on one of the substrates coincide with that on the other. For example, for a simple matrix driven cell, striped 
areas having different surface free energy are formed on the substrates 1 and 2 and the substrates are facing each 
other so that the stripes cross at a right angle. 

30 

(2) Method by reforming the surface of a substrate: 

[0137] The control of surface free energy can be achieved by selectively reforming the surface of a substrate instead 
of using a material having different surface free energy as described above. In this method, the surface of an alignment 

35 film is selectively reformed through a rubbing treatment, thereby phase-separating and arranging the polymeric material 
and the liquid crystal material. Specifically, the difference in the level is regularly formed by using an electrode or a thin 
film, and a touch of the pile of the rubbing cloth used in the rubbing treatment is adjusted; or at a specified position on 
the surface of the alignment film a thin film such as a resist is further formed, and then the rubbing treatment is conducted 
thereon. By using such a method, the characteristics of the surface of the alignment film can be varied between an 

40 electrode portion and a non-electrode portion. Such reforming can selectively provide the surface of the alignment film 
with optical anisotropy. It is also possible to control the polymerization rate and the movement of the liquid crystal 
material and the polymeric material caused by the polymerization because the roughness on the surface of the align- 
ment film is different from portion to portion due to a difference in the cell gap caused by the level difference by using 
the electrode or the like and a difference in the rubbing intensity. The liquid crystal material and the polymeric material 

45 can be definitely phase-separated by using such a function and the polymeric wall can be formed in a patterned manner. 
[0138] Specifically, a rubbing method, a glow discharge method, a chemical treatment such as etching and irradiation 
of electromagnetic wave or radiation can be used. The rubbing method is conventionally used for orienting liquid crystal 
molecules in a specified direction. The present invention uses the change of the surface free energy of liquid crystal 
molecules against a substrate depending upon the rubbing intensity. 

50 [0139] The rubbing treatment is conducted by rubbing the substrate in a specific direction, and the surface reform 
caused by this mechanical friction is used. Therefore, by the selectively varying the rubbing intensity depending upon 
positions on the substrate, the surface free energy can be controlled. Although the rubbing intensity can be controlled 
by pressure, rate and the number of the mechanical rubbings, the following controlling methods can be adopted on a 
scale of the size of the pixel: The intensity of the rubbing is selectively weaken by protecting the alignment film by using 

55 a pattern formed of a photosensitive resin or the like; the surface of the alignment film to be subjected to the rubbing 
treatment is previously provided with irregularity, thereby selectively controlling the rubbing intensity; and a pattern is 
previously formed on the alignment film by using the same rubbing material as that used for the rubbing treatment. 
[0140] The rubbing intensity can be controlled on a scale of the size of the pixel by the glow discharge method, 
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etching, or the irradiation of electromagnetic wave or radiation. 

[0141] A mixture of liquid crystal material and a polymeric material is injected into a cell formed by attaching a pair 
of substrates to each other, and the phase-separation is caused therein. At this point, as described above, the liquid 
crystal phase is collected in an area where the interfacial free energy against the liquid crystal phase is low. Therefore, 
5 it is possible to place a liquid crystal region at a desired position in a desired shape also by this method using the 
reform of the alignment film. 

(3) Method by applying an electric field: 

w [0142] When the phase-separation is caused under the application of an external force such as an electric field, it 
is also possible to collect the liquid crystal phase that has a higher dielectric constant on an electrode by using a 
difference in the dielectric constant between the liquid crystal phase and the isotropic phase. This is because when an 
electric field is applied to a material having a high dielectric constant, free energy is varied by electric field energy 
charged in the space by the applied electric field and the dielectric flux density formed therein. At this point, it is nec- 

15 essary to consider the work of a power supply for discussing the thermodynamic equilibrium. The energy lost by the 
power supply together with the flow of charge due to the application of a voltage is twice as large as the electric field 
energy charged in this space. The free energy of the entire system including the power supply is decreased by the 
amount of the electric field energy charged in this space, and the electric field energy is dispersed as heat in the end. 
Therefore, the larger the dielectric constant of the material present in the space to which the electric field is applied by 

20 the power supply, the more the free energy of the entire system is decreased. Thus, the equilibrium of the system is 
varied so as to decrease the free energy. 

[0143] Specifically, when the dielectric constant of the liquid crystal phase is higher than that of the isotropic phase, 
and when an electric field is applied to some areas and not applied to other areas, the liquid crystal phase is distributed 
to the areas where the electric field is applied and the isotropic phase is distributed to the areas where the electric field 
25 is not applied. By fixing the distributed phases, a liquid crystal region can be collected within the electric field. The 
voltage is preferably applied by using an electrode for display, because, in such a case, not only the liquid crystal 
material required for the display is collected on the electrode, but also the shape of the formed liquid crystal region 
matches with that of the electrode. 

30 (4) Method by applying a magnetic field: 

[0144] It goes without saying that the control of a liquid crystal region by using an external force can be realized by 
a magnetic field as well as an electric field. In this case, the difference in the magnetic permeability between the liquid 
crystal phase and the isotropic phase is used. The basic mechanism is identical to that of an electric field except for 
35 the following: In using a magnetic field, a cell containing a mixture is required to be sandwiched between substrates 
having high magnetic permeability on which a pattern is formed by using the difference in the magnetic permeability; 
and a magnetic field is externally applied to the cell. 

(5) Method by controlling the gap: 

40 

[0145] The phase-separation can be conducted also by controlling the gap between the two substrates in a display 
device. In this method, before attaching the substrates to each other, an irregularity is formed by using a photosensitive 
resin or the like on at least one of the surfaces of the substrates bearing a complex film of the liquid crystal material 
and the polymeric material. Thus, the gap between the substrates becomes irregular. Since interface free energy 

45 (interface) tension works on the interface between the separated phases so as to minimize the interface, the respective 
phases move into positions that make the interface therebetween as small as possible. This is because the equilibrium 
of the system moves so as to make the increase of the free energy caused by the phase-separation as small as possible. 
[0146] In the present invention, since a liquid crystal region is surrounded by polymeric walls, the liquid crystal phase 
is surrounded by the interface therebetween. Therefore, after the phase-separation, the liquid crystal phase and the 

50 isotropic phase take positions that minimize the interface under the condition of maintaining the respective volumes 
approximately the same, namely, the liquid crystal phase is positioned in an area having a larger gap and the isotropic 
phase is positioned in an area having a smaller gap. 

[0147] In this manner, the phase-separated liquid crystal material can be trapped within a specified area by using 
the difference in the surface free energy of the substrate. When the mixed ratio of the liquid crystal material to the 
55 polymerizable material is large, however, the adjacent liquid crystal regions corresponding to the adjacent pixels are 
combined with each other. This can occasionally cause the roughness of the display. A liquid crystal display device of 
this invention can attain uniform display characteristics by completely separating the liquid crystal material and the 
polymeric material in each pixel. Therefore, it is preferable to adopt other methods together with this method using a 
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difference in the surface free energy to control the movement of the liquid crystal material and the polymeric material. 
[0148] An example of the other methods includes a method in which the cell gap of an area for the liquid crystal 
region is made larger than the cell gap of an area for the polymeric wall. In this case, it is preferable that the cell gap 
d 1 of a pixel during the production of the display device and at least part of the cell gap d 2 (the minimum value) of a 
5 non-pixel portion satisfy the following: 

0.1 x d 1 < d 2 < 0.9 x d 1 

10 When the cell gap d 2 is smaller than 0.1 x d 1s a longer time is required for the vacuum injection of the mixture into the 
cell. When the cell gap d 2 is larger than 0.9 x d l5 the liquid crystal material cannot be definitely separated from the 
polymeric material in the cell gap. 

(6) Method using polymerization at a temperature over the miscible temperature T N _| of liquid crystal material and 
15 annealing: 

[0149] In the production procedure of this invention, the mixture of the liquid crystal material and the polymerizable 
material is injected into a cell having a pattern formed with the surface free energy arrangement. After this, the polym- 
erization can be conducted at a temperature that exceeds the miscible temperature T N _| of the liquid crystal material. 

20 The cell is then annealed (cooled slowly), thereby separating the liquid crystal material from the polymeric material. 
When a photopolymerizable material is used, a longer polymerization reaction time enables the liquid crystal material 
and the polymerizable material move more smoothly. Therefore, the intensity of UV rays is preferably 50 mW/cm 2 (at 
a wavelength of 365 nm) or less, and more preferably 1 0 mW/cm 2 or less. Further, in order to conduct the polymerization 
reaction uniformly in the cell, it is preferable that less collimated light is used. 

25 [0150] With regard to the combination of the liquid crystal material and the polymerizable material, it is preferable 
that the miscible temperature between them is in the range between 30°C and 120°C. When those materials having 
a miscible temperature of lower than 30°C are used, a larger amount of the polymeric material remains in the liquid 
crystal region, or a larger amount of the liquid crystal remains in the polymeric wall after the phase-separation. In the 
former case, the response rate and retardation d-An can be decreased, thereby decreasing the light transmittance 

30 under application of no voltage. In the latter case, since an area including the liquid crystal material not responding to 
an applied voltage is formed, the black level under the application of a voltage is decreased. When the liquid crystal 
material and the polymeric material having a miscible temperature higher than 120°C are used, the processing tem- 
perature during the production becomes too high, thereby causing unpreferable reactions such as decomposition and 
polymerization of the used materials. 

35 

(7) Method by conducting thermal phase-separation and then polymerization with UV rays: 

[0151] The following method is preferable to attain more satisfactory phase-separation. Before causing the phase- 
separation by the polymerization reaction, the mixture of the liquid crystal material and the polymerizable material is 

40 annealed from a temperature exceeding the isotropic temperature to a temperature below the isotropic temperature. 
This annealing causes a thermal phase-separation of the mixture, thereby forming a liquid crystal rich area where the 
mixed ratio of the liquid crystal material is larger and a polymer rich area where the mixed ratio of the polymeric material 
is larger. Thus, the concentration of the polymerizable material is previously increased before the polymerization, re- 
sulting in a more definite phase-separation. In this case, when the mixing energy of the liquid crystal material and the 

45 polymerizable material is thermally higher, i.e., when the liquid crystal material is unlikely to be uniformly mixed with 
the polymerizable material, they can be more definitely separated without any of the above-mentioned problems. 

(8) Combination of the above-mentioned methods: 

50 [0152] It is possible to use some of the above-mentioned methods (1 ) through (7) together. Naturally these methods 
must be combined so as to realize the desired position of the liquid crystal region. 

[0153] For example, the methods can be combined as follows: A pair of substrates are respectively provided with 
an electrode so that a voltage is applied to a pixel alone. A photosensitive resin having large surface free energy against 
a liquid crystal phase is coated in a non-pixel portion of each substrate in a patterned manner. The substrates are 
55 attached to each other with a spacer therebetween. A mixture of liquid crystal material and a polymerizable material 
is injected into the thus produced cell, and then the phase-separation is caused while applying a voltage to the pixel 
electrode in the cell. Thus, three kinds of the controlling methods, that is, one using interfacial free energy, one using 
an electric field and one using a gap between the substrates, can be used together. In this manner, the position and 
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the shape of a liquid crystal region can be more accurately controlled. 
6. Method for fixing the shape of a liquid crystal region: 

5 [0154] After positioning the liquid crystal phase and the isotropic phase in the desired shape by any of the above- 
mentioned controlling methods, it is necessary to fix the phases as they are. In one method, the prepolymer in the 
isotropic phase is polymerized in order to be changed into a polymer. When the mixture injected between the substrates 
at a temperature where the mixture is in a single isotropic phase is annealed to cause the phase-separation, the mixed 
ratio of the prepolymer in the isotropic phase is higher than that in the liquid crystal phase. Therefore, when the po- 

10 lymerization is initiated, the reaction rate in the isotropic phase is higher. Thus, a polymeric wall can be formed in a 
non-pixel portion and not in a pixel contributing to the display. It is preferable to initiate the polymerization by a method 
in which the temperature of the display device is not largely varied. 

[0155] In this manner, a liquid crystal region can be formed at a desired position by controlling the free energy. 
[0156] Next, the characteristics of the liquid crystal material in the liquid crystal region after the phase-separation 
15 and each material used in the present invention will be described. 

(1) Orientation of liquid crystal molecules in a domain: 

[0157] The liquid crystal domain in the liquid crystal display device of this invention is applicable to the following two 
20 systems: 

(a) In the case where an alignment regulating force on a substrate is not used: 

[0158] Figure 13A is a conceptual view of a pixel region under application of no voltage observed using a polarizing 
25 microscope, and Figure 13B is a conceptual view of the pixel region under application of a voltage observed with a 
polarizing microscope. As shown in Figure 13A, a liquid crystal 7 includes one liquid crystal domain, and a cross- 
shaped schlieren texture 17 is formed along the polarization axes of the polarizing plates of the liquid crystal display 
device under the application of no voltage. This reveals that the liquid crystal molecules are oriented axisymmetrically 
with respect to the disclination point at the center of the pixel region. In the liquid crystal domain having such an 
30 orientation of the liquid crystal molecules, a disclination line 15 is formed only in the peripheral portion of the domain 
under application of a voltage as shown in Figure 1 3B. Thus, the disclination line 1 5 can be intentionally formed outside 
of the display area of the pixel. Therefore, by forming the disclination line 15 under a light-shielding layer, which is 
generally formed in the vicinity of the display area on the substrate so as to prevent light leakage, the black level of 
the liquid crystal display device can be improved, resulting in improved contrast. 
35 [0159] When a voltage is applied to such a liquid crystal display device, the liquid crystal molecules rise vertically to 
the cell. At this point, since the liquid crystal molecules rise axisymmetrically while keeping the initial orientation under 
the application of no voltage, the apparent refractive index from any direction is uniform, resulting in improved viewing 
angle characteristics. 

40 (b) In the case where an alignment regulating force on the substrate is used: 

[01 60] When the method of the present invention is applied to a substrate bearing an alignment film subjected to the 
rubbing treatment or the like, it is possible to produce a liquid crystal display device in which liquid crystal molecules 
are substantially surrounded by polymeric walls and are oriented in accordance with an alignment regulating force on 
45 the substrate. Such a liquid crystal display device is applicable to any ordinary display device such as TN, STN, FLC 
and ECB liquid crystal display devices. This liquid crystal display device is characterized in that the thickness of the 
cell is less varied by an external pressure as compared with a conventional display device having no polymeric walls 
within the display area of the entire device, and hence the characteristics thereof are less varied. 

50 (2) Number of domains in a pixel: 

[0161] It is preferable that the number of the liquid crystal domains in a pixel are as small as possible. When a large 
number of domains are present in one pixel, disclination lines are formed among the domains, thereby decreasing the 
black level. It is preferable that a pixel is covered with a single domain in which the liquid crystal molecules are axisy- 
55 metrically oriented. In this case, since the disclination line is formed in the peripheral portion of the domain under 
application of a voltage, a disclination line scarcely appear within the pixel. Moreover, when a liquid crystal display 
device includes a rectangular pixel region 18 as shown in Figures 14A and 14B, it is possible to form a liquid crystal 
region 7 including at least two domains, each of which includes liquid crystal molecules oriented axisymmetrically in a 
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domain D. This type of display device is as good as the mono-domain type display device in the viewing angle char- 
acteristics. Further, when the vertical and the horizontal directions of the cross of the schlieren texture 17 formed in 
the pixel region 18 shown in Figure 13A are matched with the respective polarization axes of the polarizing plates, the 
schlieren texture 17 can be made so as to be hardly seen under application of a voltage. 

5 

(3) Method for avoiding the formation of a disclination line: 

[0162] It is possible to suppress the formation of a disclination line by adding a polymerizable material having a 
molecular structure similar to that of a mesogen group of a liquid crystal molecule exemplified below (hereinafter re- 
10 ferred to as the polymerizable liquid crystal material) to the polymeric material to be contained in the mixture. 

(a) Monofunctional polymerizable liquid crystal material: 

[0163] A monofunctional polymerizable liquid crystal material includes one polymerizable group in each molecule. 

15 The addition of this molecule causes pretilt in a liquid crystal region, and the pretilt allows the liquid crystal molecules 
to be oriented so as not to form a disclination line. The disclination line is not formed for the following reason: In a cell 
in which a disclination line is formed at the peripheral portion of a liquid crystal region, reverse tilt is caused because 
the rising direction of the liquid crystal molecules is different between the vicinity of a polymeric wall and within a liquid 
crystal region. This difference causes a disclination line. In the cell containing the polymerizable liquid crystal material, 

20 however, it is assumed that the rising direction of the liquid crystal molecules are the same in the vicinity of a polymeric 
wall, and therefore, no disclination line is formed. 

(b) Bifunctional polymerizable liquid crystal material: 

25 [0164] A bifunctional polymerizable liquid crystal material includes two polymerizable groups in each molecule. This 
material exhibits an effect for retaining the orientation of the liquid crystal molecules horizontally to a substrate. More- 
over, when a polymerizable material including this polymerizable liquid crystal material is polymerized under the ap- 
plication of an electric field or a magnetic field, no disclination line is formed. When a cell produced by using this material 
is observed with a polarizing microscope, a dark area 1 9 is found to be present in the vicinity of a polymeric wall 8 as 

30 shown in Figure 15. This dark area 1 9 is assumed to be an area where the twist structure of the liquid crystal material 
is not contained, and it is also presumed that the twist direction of a liquid crystal molecule is reversed with this area 
as a boundary. 

(4) Method for orienting liquid crystal molecules axisymmetrically: 

35 

[0165] For the axisymmetrical orientation of the liquid crystal molecules, it is preferable that an external force is 
applied to the liquid crystal molecules so as to align the director of the liquid crystal in one direction (vertically to the 
cell) during the phase-separation of the liquid crystal material and the polymeric material. By the application of the 
external force, the liquid crystal molecules are oriented axisymmetrically when seen from the direction vertical to the 
40 cell, as understood from the cross-shaped schlieren texture shown in a conceptual view observed through a polarizing 
microscope of Figure 14. 

[0166] A preferable external force applied to the liquid crystal molecules to align the director thereof is an electric 
field, a magnetic field or the combination thereof. Since a liquid crystal display device has an electrode for applying a 
voltage to the liquid crystal molecules, the most preferable force is an electric field. The intensity of the applied force 
45 is required to be sufficient to align the director, that is, over the threshold value of the used liquid crystal material. 

(5) Photopolymerizable material: 

[0167] The polymerizable material to be used is a photopolymerizable material, a thermosetting material or the like. 

50 Examples of the photopolymerizable material include acrylic acid and acrylate having a long chain alkyl group with 3 
or more carbon atoms or a benzene ring, such as isobutyl acrylate, stearyl acrylate, lauryl acrylate, isoamyl acrylate, 
n-butyl methacrylate, n-lauryl methacrylate, tridecyl methacrylate, 2-ethylhexyl acrylate, n-stearyl methacrylate, cy- 
clohexyl methacrylate, benzyl methacrylate, 2-phenoxyethyl methacrylate, isobornyl acrylate, and isobornyl methacr- 
ylate; and a multi-functional material having two or more functional groups for enhancing the physical strength of the 

55 polymer such as bisphenol A dimethacrylate, bisphenol A diacrylate, 1 ,4-butanediol dimethacrylate, 1 ,6-hexanediol 
dimethacrylate, trimethylol propane trimethacrylate, trimethylol propane triacrylate, tetramethylol methane tetraacr- 
ylate, and neopentyl diacrylate. 

[0168] Further, a halogenated photopolymerizable material, particularly, a chlorinated or fluorinated material is pref- 
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erably contained as a material having a small refractive index. Owing to such a material, the liquid crystal molecules 
are prevented from entering the polymeric wall after the phase-separation, and the display characteristics with regard 
to the anchoring intensity on the surface of the polymeric material such as a driving voltage and hysteresis are improved. 
Furthermore, when a halogenated photopolymerizable material is used, the refractive index of the liquid crystal material 

5 matches that of the polymeric material. When the refractive index of the liquid crystal material with respect to ordinary 
light matches that of the polymeric material, light is prevented from scattering under the application of a voltage. Ex- 
amples of such a halogenated material include 2,2,3,4,4,4-hexafluorobutyl methacrylate, 2,2,3,4,4,4-hexachlorobutyl 
methacrylate, 2,2,3,3-tetrafluoropropyl methacrylate, 2,2,3,3-tetrachloropropyl methacrylate, perfluorooctylethyl meth- 
acrylate, perch lorooctylethyl methacrylate, perfluorooctylethyl acrylate, and perchlorooctylethyl acrylate. 

w [0169] Any of the above described photopolymerizable materials can be used as a thermosetting material when a 
thermopolymerization initiator is added thereto. A compound having an epoxy group in a molecular can be used as 
the thermosetting material. Specific examples include bisphenol A epoxy compounds, bisphenol A diglycidylate, bi- 
sphenol F diglycidylate, hexahydro bisphenol A diglycidylate, propylene glycol diglycidylate, neopentyl glycol diglyci- 
dylate, diglycidyl phthalte, and triglycidyl isocyanate. One or a combination of two or more of these monomers can be 

15 used. 

(6) Photopolymerization inhibitor: 

[0170] In order to increase the size of a liquid crystal droplet, it is preferable to add a compound for inhibiting the 
20 polymerization reaction in addition to the above-mentioned polymerizable monomers. When a polymeric wall is formed 
immediately after light irradiation, the polymeric wall is formed until the movement of the monomer and the liquid crystal 
material is finished, resulting in failing to form the polymeric wall in accordance with a desired pattern. Specific examples 
of such a photopolymerization inhibitor include monomers and compounds in which, after the formation of a radical, 
the radical can be stabilized in a resonance system, such as styrene, p-fluorostyrene, p-chlorostyrene, p-methylstyrene, 
25 p-phenylstyrene, and nitrobenzene. 

(7) Photopolymerization initiator: 

[0171] General photopolymerization initiators such as Irgacure 651, Irgacure 184, Irgacure 907 (manufactured by 
30 CIBA-GEIGY Corporation), Darocure 1173, Darocure 1116 and Darocure2959 (manufactured by E. Merk) can be used. 
A sensitizer or the like that is polymerizable with visible light can be also be used to increase the holding ratio. The 
holding ratio is defined by (C/C 0 x 100)%, where C 0 is an amount of charge accumulated in a liquid crystal cell, and 
C is an amount of charge held for 1 6.5 ms. 

[0172] When a thermosetting material is used, a radical generator such as biphenyl oxide, peroxides such as t-butyl 

35 peroxide and AIBN can be used as the thermosetting initiator. 

[0173] The amount of the polymerization initiator to be added depends upon the reaction characteristics thereof, and 
therefore, is not specified in the present invention. It is, however, preferred that the mixed ratio of the initiator is 0.01% 
through 5% of the entire mixture including liquid crystal material and a polymerizable material (including a polymerizable 
liquid crystal material) for the following reason: When the mixed ratio exceeds 5%, the rate of the phase-separation 

40 between the liquid crystal material and the polymeric material is too fast to be controlled, and the thus formed liquid 
crystal droplet is so small that a higher driving voltage is required. Moreover, the alignment regulating force of the 
alignmentfilmon the substrate is weaken, and the liquid crystal region in apixel becomes smaller (in using a photomask, 
the liquid crystal droplet is formed in a light shielded portion), thereby decreasing the contrast. When the mixed ratio 
is below 0.01%, the polymerizable material cannot be sufficiently polymerized. 

45 

(8) Liquid crystal material: 

[0174] The liquid crystal material to be used in the present invention is an organic mixture exhibiting a liquid crystalline 
state around room temperature. Examples of such liquid crystal materials include nematic liquid crystal (including liquid 

50 crystal for dual frequency drive; including liquid crystal having a dielectric constant anisotropy A e < 0), cholesteric 
liquid crystal (in particular, liquid crystal having selective reflection characteristics with respect to visible light), emetic 
liquid crystal, ferroelectric liquid crystal, and discostic liquid crystal. A mixture of these liquid crystal material can be 
used, and in particular, nematic liquid crystal or a mixture of nematic liquid crystal and cholesteric liquid crystal (achiral 
agent) is preferred in terms of the characteristics. More preferably, liquid crystal excellent in chemical reaction resist- 

55 ance is used because of the photopolymerization effected during the processing. Specific examples of such liquid 
crystal materials include those having a functional group such as a fluorine atom, for example, ZLI-4801 -000 and ZLI- 
4792 (manufactured by Merck & Co., Inc.). 



17 



EP 0 645 660 B1 



(9) Polymerizable liquid crystal material: 

[0175] In order to inject the mixture of liquid crystal material and a polymerizable material with liquid crystallinity in 
a nematic state for polymerization, it is preferable to use a polymerizable liquid crystal material, which has the char- 
acteristics of both the liquid crystal material and the polymerizable material. By using such a material, the volatility of 
a photopolymerizable material during the vacuum injection can be decreased, and the change, caused during the 
injection, in the components of the mixture including the liquid crystal material, a photopolymerizable material and a 
photopolymerization initiator can be suppressed. In selecting liquid crystal material and a liquid crystal material having 
a polymerizable functional group in its molecule, it is preferred, from the viewpoint of miscibility, that the materials to 
be selected have similar portions for exhibiting the liquid crystalline characteristics. Particularly, when a fluoric or chloric 
liquid crystal material, which has specific chemical characteristics, is used, it is preferred that the polymerizable liquid 
crystal material to be used together is also a fluoric or chloric compound. 

[0176] An example of such materials having a polymerizable functional group in its molecule, which is not specified 
in this invention, includes a compound represented by Formula 1 below. By using such a compound, the liquid crys- 
tallinity of the liquid crystal molecules of the liquid crystal material working as a host is hardly disturbed. 

Formula 1 : 
A-B-LC 

In Formula 1, A indicates a polymerizable functional group having an unsaturated bond such as CH 2 -CH-, CH 2 =CH- 
COO-, CH 2 =CH-COO-, 

CK 2 -CK- 

or having a heterocyclic ring structure with distortion. B in Formula 1 indicates a coupling group for connecting the 
polymerizable functional group with a liquid crystalline compound such as an alkyl chain (-( c H 2 ) n -), an ester bond (- 
COO-), an ether bond (-O-), a polyethylene glycol chain (-CH 2 CH 2 0-) and a combination thereof. For attaining liquid 
crystallinity when mixed with the liquid crystal material, the most preferable coupling group is one having a length with 
6 or more bonds from the polymerizable functional group to the rigid portion of a liquid crystal molecule. LC in Formula 
1 indicates the liquid crystalline compound such as a compound represented by the following Formula 2, a cholesterol 
ring or its derivatives: 

Formula 2: 
D-E-G 

wherein G indicates a polar group for allowing the dielectric constant anisotropy and the like of the liquid crystal material 
to be exhibited such as a benzene ring, a cyclohexane ring, a paradiphenyl ring, a phenylcyclohexane ring having a 
functional group such as -CN, -OCH 3 , -F, -CI, -OCF 3 , -OCCI 3 , -H, -R (wherein R indicates an alkyl group); E indicates 
a functional group for connecting D with G such as a single bond, -CH 2 -, -CH 2 CH-, -CH 2 CH 2 -, -O-, -C=C-, -CH=CH-; 
and D indicates a functional group to be connected with B in Formula 1 such as a paraphenyl ring, a 1 ,10-diphenyl 
ring, a 1 ,4-cyclohexane ring and a 1 , 1 0-phenylcyclohexane ring. The group indicated by D affects the dielectric constant 
anisotropy and the refractive index anisotropy of the liquid crystal molecules. 

(10) Mixed ratio of the liquid crystal material and the polymerizable material: 

[0177] The mixed weight ratio of the liquid crystal material and the polymerizable material depends upon the size of 
a pixel. Preferably, the ratio of the liquid crystal material to the polymerizable material is 50:50 through 97:3, and more 
preferably 70:30 through 95:5. When the proportion of the liquid crystal material is below 50 wt%, the interaction be- 
tween the polymeric wall and the liquid crystal material is increased, so an extremely high voltage is required to drive 
the cell. Thus, the resulting display device is not suitable for practical use. When the proportion of the liquid crystal 
material exceeds 97 wt%, the physical strength of the polymeric wall is decreased, resulting in an unstable performance 
of the display device. Further, the weight ratio of the liquid crystalline compound to the non-liquid crystalline compound 
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is preferably 0.5 wt% or more. Particularly, when a ferroelectric liquid crystal material is used, the proportion of the 
liquid crystalline compound is preferably 100 wt%. In such a case, two types of regions are formed with liquid crystal 
material having a lower molecular weight and that having a higher molecular weight, respectively. When two kinds of 
voltages are used to drive the respective liquid crystal regions, such a display device works as a ferroelectric liquid 
crystal display device capable of gradient display. 

(11) Driving method: 

[0178] The cell produced by using the above-mentioned materials can be driven by the simple matrix drive method 
and the active matrix drive method using a TFT (A thin film transistor) or an MIM (a switching element with a structure 
of metal-insulator-metal). The driving method is not specified in this invention. 

(12) Material for the substrate: 

[0179] In using the photopolymerization, the material for the substrate can be any material which partially transmits 
light. Examples include glass, quartz and transparent plastic materials. Further, when the device is used as a reflection 
type liquid crystal display device, a non-transparent substrate such as a Si substrate can be used as a reflecting 
substrate. 

[0180] The present invention will now be described more in more detail by way of specific Examples and Comparative 
Examples. It is noted that the present invention is not limited to these Examples. 

Example 1 : 

[0181] Figure 1 is a sectional view of a liquid crystal display device of Example 1 . As shown in Figure 1 , the liquid 
crystal display device includes a pair of substrates 1 and 2 made from glass or the like opposing each other, and a 
liquid crystal region 7 surrounded by polymeric walls 8, which work together as a display medium, sandwiched between 
the substrates 1 and 2. On the inner surface of the substrate 1 facing the display medium is formed an electrode wiring 
to provide an electrode 3. On the inner surface of the substrate 2 facing the display medium is formed an electrode 
wiring to provide an electrode 4. A portion where the electrodes 3 and 4 oppose each other works as a pixel. A thin 
film 5 is formed in a non-pixel portion on the inner surface of the substrate 1 , and a thin film 6 is formed in a non-pixel 
portion on the inner surface of the substrate 2. Thus, the surface free energy of the non-pixel portion is smaller than 
that of a pixel. 

[0182] The production method for such a liquid crystal display device is exemplified as follows: 
[0183] The thin films 5 and 6 are formed on the substrates 1 and 2 bearing the electrodes 3 and 4, respectively. The 
thin films 5 and 6 can be formed by a PI printing method, or by using a mask to obtain a desired pattern after coating 
the substrates with a material for the thin films by spin coating. 

[0184] The substrates 1 and 2 bearing the electrodes 3 and 4 and the thin films 5 and 6 are allowed to oppose each 
other so that the electrodes 3 and 4 face each other in a manner as shown in Figure 2. Then, the substrates 1 and 2 
are attached to each other having a spacer with a thickness of 6 \im interposed therebetween. Thus, a cell is produced. 
[0185] A mixture including at least liquid crystal material, a photopolymerizable material and a photopolymerization 
initiator, all of which are homogeneously mixed, is injected into the gap of the cell. 

[0186] Then, the mixture is externally irradiated with UV rays. Through this irradiation, the photopolymerizable ma- 
terial collected on the thin films 5 and 6 in the non-pixel portions is polymerized into a polymer, thereby pushing aside 
the liquid crystal material onto the electrodes 3 and 4. Thus, the liquid crystal material and the polymeric material is 
phase-separated. As a result, the display medium in which the liquid crystal region 7 is surrounded by the polymeric 
walls 8 is formed between the substrates 1 and 2. The phase-separation of the liquid crystal material and the polym- 
erizable material can be conducted more effectively by using a photomask as follows: The photomask having a light- 
shielding portion located so as to correspond to each pixel is formed on the inside or outside of the substrate on the 
side of the UV light source. The cell is irradiated with UV rays through the photomask. 

[0187] Any liquid crystal material that is an organic mixture in a liquid crystalline state around room temperature can 
be used as described above. 

[0188] In order to definitely phase-separate the liquid crystal and the polymeric material and to increase the response 
rate of the liquid crystal display device, a polymerizable liquid crystal material is added to the mixture. The polymerizable 
liquid crystal material is a compound having both a polymerizable functional group such as acrylate and methacrylate 
and a functional group exhibiting a rigid liquid crystallinity. The polymerizable liquid crystal material is preferably se- 
lected, from the viewpoint of the miscibility, so that the portion exhibiting its liquid crystallinity is similar to that of the 
used liquid crystal material. Particularly, when fluoric or chloric liquid crystal material having specific chemical charac- 
teristics is used, a preferable polymerizable liquid crystal material is also a fluoric or chloric compound. When ferroe- 
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lectric liquid crystal material is used, a polymerizable liquid crystal material having ferroelectric liquid crystallinity in its 
molecule is preferably used to obtain a stable smectic phase. 

[0189] The weight ratio of the polymerizable liquid crystal material to the non-liquid crystalline polymerizable material 
in the mixture is 0.5 wt% or more. In particular, when ferroelectric liquid crystal material is used, the weight ratio of the 
polymerizable liquid crystal material is preferably 1 00 wt%. In this case, two kinds of regions can be formed with liquid 
crystal material having a lower molecular weight and that having a higher molecular weight, respectively. When two 
kinds of voltages are used to drive the respective liquid crystal regions, the resultant display device works as a ferro- 
electric liquid crystal display device capable of gray-scale display. 

[0190] The weight ratio of the liquid crystal material to the photopolymerizable material is preferably 50:50 through 
97:3, and more preferably 70:30 through 95:5. When the proportion of the liquid crystal material is below 50 wt%, the 
interaction between the polymeric wall and the liquid crystal material is increased, so an extremely high voltage is 
required to drive the cell. Thus, the resulting display device is not suitable for practical use. When the proportion of the 
liquid crystal material exceeds 97 wt%, the physical strength of the polymeric wall is too decreased to obtain stable 
performance. 

[0191] As the photopolymerization initiator, Irgacure 651 , Irgacure 184, Irgacure 907 (manufactured by CIBA-GEIGY 
Corporation), Darocure 1173, Darocure 1116 and Darocure 2959 (manufactured by E. Merk), and the like can be used. 
[0192] The proportion of the polymerization initiator against the entire amount of the liquid crystal material and the 
photopolymerizable material is preferably 0.1 wt% through 5 wt%. When the proportion is below 0.1 wt%, sufficient 
photopolymerization cannot be conducted. When the proportion exceeds 5 wt%, the rate of the phase-separation is 
so high that the obtained liquid crystal region is small and a higher voltage is required to drive the cell. 
[0193] As the material for the thin film formed on the substrate, a general polymer can be used. Examples include 
polyimide such as OFPR-800 (manufactured by Tokyo Oyo Kagaku), SE150 (manufactured by Nissan Kagaku), JALS- 
203 and JALS-204 (Nippon Synthetic Rubber Co., Ltd.), a thermoplastic resin such as polystyrene, PMMA, polyphenyl 
oxide, polycarbonate, and a condensation polymer such as novolak. Further, a surface active agent can be added in 
order to have the value of the surface free energy of such a polymer approximate that of the photopolymerizable 
material. Any commercially available surface active agent can be used, although a nonionic surface active agent is 
preferred because an anionic surface active agent and a cationic surface active agent can decrease the holding ratio. 
The thin film is formed in order to make the surface free energy of the non-pixel portion smaller than that of the pixel 
so that the photopolymerizable material is collected in the non-pixel portion with ease. Therefore, the material for the 
thin film is not limited to the above-mentioned polymers but can be any polymeric material having surface free energy 
approximately the same as that of the photopolymerizable material. 

[0194] The thin film has a surface free energy sufficiently near to that of the photopolymerizable material and the 
phase-separation is caused in the cell after the injection of the mixture. At this point, the mixture can be irradiated with 
UV rays so as to polymerize the photopolymerizable material without using a photomask or irradiation intensity distri- 
bution. Alternatively, it is possible to provide a regular intensity distribution in the UV-ray irradiation in a patterned 
manner in accordance with a desired diameter of a liquid crystal region (for example approximately the same size as 
a pixel). In this case, the photopolymerization is caused regularly with respect to the position, thereby locating liquid 
crystal regions each having a uniform shape and size regularly on the substrate. For example, in a strongly irradiated 
portion, the rate of the photopolymerization is fast, and the rate of the phase-separation between the liquid crystal 
material and the polymeric material is also fast. Therefore, the polymeric material is quickly deposited so as to push 
aside the liquid crystal material onto a weakly irradiated portion. As a result, a liquid crystal region is formed at a weakly 
irradiated portion, resulting in regularly positioned liquid crystal regions each having a uniform shape and size. By 
matching the strongly irradiated portion with the position of the thin film, the liquid crystal material and the polymeric 
material can be more definitely phase-separated. 

[0195] When the UV-ray irradiation is allowed to have the intensity distribution, it is preferable to make the arrange- 
ment regular by using a photomask, a microlens, an interfering plate or the like. The photomask can be placed either 
inside or outside of the cell (i.e., on the surface of the substrate facing the display medium or the other surface thereof) 
as long as a regular pattern of the UV-ray irradiation can be obtained. When the photomask is away from the cell, the 
intensity distribution cannot be regular because the image of the photomask transferred onto the cell is blurred. There- 
fore, the photomask is preferably provided as close as possible to the mixture of the liquid crystal material and the 
photopolymerizable material. 

[0196] Moreover, the light source used for the UV-ray irradiation preferably emits collimated light. In a ferroelectric 
liquid crystal display device, however, a smaller liquid crystal region is occasionally provided as a buffer around a liquid 
crystal region as large as a pixel in order to improve the shock resistance. In such a case, the edge of a portion shielded 
by the photomask or the like can be intentionally blurred by providing the photomask away from the cell, or by using 
a light source emitting less collimated light. In the intensity distribution by using the photomask or the like, the light 
intensity for a weakly irradiated portion is preferably 80% or less of the intensity for a strongly irradiated portion. 
[0197] According to the study of the present inventors, when a photomask has a light shielding portion for providing 
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the intensity distribution with a size of 30% or less of the size of a pixel, the obtained liquid crystal region has a size 
of 30% or less of the pixel. When the size of the liquid crystal region is 30% or less of that of the pixel as in this case, 
the interface between the liquid crystal material and the polymeric material in the pixel is so large that the contrast is 
extremely decreased due to the light scattering on the interface. In order to avoid such a problem, when using a pho- 

5 tomask or the like the weakly irradiated portion should be larger than a pixel. Specifically, a preferred photomask has 
a light shielding portion so that the non-pixel portion alone is strongly irradiated. Further, in a liquid crystal display 
device of a non-scattering mode, which does not use the light scattering between the polymeric material and the liquid 
crystal material for the display, when the intensity distribution is provided by using a photomask or the like, the photo- 
mask or the like preferably has a light shielding portion for covering 30% or more of a pixel so as to locally decrease 

10 the UV-ray irradiation intensity. 

[0198] The liquid crystal cell produced in this manner is provided with a pair of polarizing plates on the outer surfaces 
of the substrates. Thus, a liquid crystal display device is produced in which a liquid crystal material used in a conven- 
tional TN, STN, FLC (SSF) or ECB liquid crystal display device is surrounded as a liquid crystal region by polymeric 
walls. Further, such a liquid crystal display device can be used for wide viewing or made into a film. In this manner, a 

15 liquid crystal display device excellent in viewing angle characteristics and contrast can be produced. 
[0199] Specific examples based on Example 1 will now be described. 

Example 1a : 

20 [0200] On substrates 1 and 2 made from flint glass (manufactured by Nippon Sheet Glass Co., Ltd.) with a thickness 
of 1 .1 mm were respectively formed 200 electrodes 3 and 4 made of ITO. The surface free energy of the ITO electrode 
was 92.8 mN/m. Each of the electrodes 3 and 4 had a thickness of 50 nm and a width of 200 jim, and the interval 
therebetween was 50 Portions of the resultant substrates 1 and 2 where the electrodes 3 and 4 did not overlap 
when the substrates 1 and 2 were attached to each other as shown in Figure 2 (i.e., non-pixel portions) were coated 

25 with OFPR-800 (manufactured by Tokyo Oyo Kagaku) to form thin films 5 and 6. The surface free energy of the portions 
bearing the thin films 5 and 6 was 36 mN/m. The resultant substrates 1 and 2 were opposed to each other so that the 
electrodes 3 and 4 face each other and the portions bearing no thin films 5 and 6 faced each other, and the substrates 
were attached to each other with a spacer (not shown) with a diameter of 6 jum interposed therebetween in order to 
produce a cell. 

30 [0201] A mixture of 0.1 g of trimethylol propane trimethacrylate, 0.4 g of 2-ethylhexyl acrylate and 0.5 g of isobornyl 
acrylate was used as a photopolymerizable material. ZLI-3700-000 (manufactured by Merck & Co., Inc.) including 0.3 
wt% of cholesteric nonalate (CN) is used as a liquid crystal material. Irgacure 184 (manufactured by CIBA-GEIGY 
Corporation) was used as a photopolymerization initiator. The homogeneous mixture of the photopolymerizable ma- 
terial, 4 g of the liquid crystal material and 0.1 g of the photopolymerization initiator was injected into the cell. 

35 [0202] By using a high pressure mercury lamp emitting collimated light, the cell was irradiated with UV rays at 10 
mW/cm 2 for 10 minutes to polymerize the photopolymerizable material in the mixture. Thus, a liquid crystal region 7 
was formed so as to be surrounded by polymeric walls 8 as shown in Figure 1 . 

[0203] A pair of polarizing plates were attached to the outside of the liquid crystal cell so that the polarization axes 
thereof cross at a right angle. 
40 [0204] In this manner, a liquid crystal display device excellent in viewing angle characteristics was obtained. 

Example 1b : 

[0205] A cell was produced in the same manner as in Example 1a and the same type of a mixture as that used in 
45 Example 1a was injected into the cell. 

[0206] Then, a photomask having light shielding portions 9 corresponding to portions where the electrodes 3 and 4 
overlap (i.e., pixels) as shown in Figure 3 was provided on the liquid crystal cell. By using a high pressure mercury 
lamp emitting collimated light, the liquid crystal cell was irradiated with UV rays at 10 mW/cm 2 for 10 minutes through 
the photomask. 

50 [0207] A pair of polarizing plates were attached to the outside of the liquid crystal cell so that the polarization axes 
thereof cross at a right angle as in Example 1a. 

[0208] In this manner, a liquid crystal display device extremely excellent in viewing angle characteristics was ob- 
tained. 

55 Comparative Example 1 : 

[0209] Similarly to Example 1a, on substrates 1 and 2 made from flint glass (manufactured by Nippon Sheet Glass 
Co., Ltd.) with a thickness of 1.1 mm were respectively formed 200 electrodes 3 and 4 made of ITO. Each of the 
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electrodes 3 and 4 had a thickness of 50 nm and a width of 200 |um, and the interval therebetween was 50 |iim. The 
resultant substrates 1 and 2 were opposed to each other, and attached to each other with a spacer having a diameter 
of 6 |Lim therebetween. The same type of a mixture as that used in Example 1 a was injected into the thus produced cell. 
[0210] Also similarly to Example 1a, by using a high pressure mercury lamp emitting collimated light, the liquid crystal 
cell was irradiated with UV rays at 10 mW/cm 2 for 10 minutes to polymerize the photopolymerizable material. 
[021 1] A pair of polarizing plates were attached to the outside of the liquid crystal cell so that the polarization axes 
thereof cross at a right angle as in Example 1a. 

Comparative Example 2: 

[0212] A cell was produced in the same manner as in Comparative Example 1 and the same type of mixture as that 
used in Example 1a was injected into the cell. 

[0213] Then, similarly to Example 1b, a photomask having light shielding portions 9 corresponding to pixels was 
provided on the liquid crystal cell. By using a high pressure mercury lamp emitting collimated light, the liquid crystal 
cell was irradiated with UV rays at 10 mW/cm 2 for 10 minutes through the photomask. 

[0214] A pair of polarizing plates were attached to the outside of the liquid crystal cell in the same manner as in 
Example 1a. 

[0215] Table 1 shows the electro-optical characteristics of the respective liquid crystal display devices produced in 
Examples 1a and 1b and Comparative Examples 1 and 2. 



Table 1 : 





Example 1a 


Example 1b 


Comparative Example 1 


Comparative Example 2 


T off 


43 


53 


9 


43 


Driving Voltage(V) 


5.6 


5.4 


7.9 


5.6 


Response Rate (ms) 


65 


44 




64 



[021 6] In Table 1 , "T off " indicates the light transmittance under the application of no voltage; "Driving Voltage" indicates 
a voltage at a time when the light transmittance is varied by 90%; and "Response Rate" indicates a value obtained by 
xr+xd under the application of 5 V. The results in Table 1 reveal that the liquid crystal display device of Example 1a 
exhibits contrast and a response rate as high as those of the liquid crystal display device of Comparative Example 2, 
which was produced in a conventional method using a photomask. Further, although the liquid crystal display device 
of Example 1b requires more steps for the production than that of Example 1a, the contrast and the response rate is 
further improved. 

[0217] The liquid crystal display devices of Examples 1a and 1b and Comparative Examples 1 and 2 were cut, the 
substrates were peeled off in liquid nitrogen, and the liquid crystal material was washed with acetone. Then, the pol- 
ymeric walls formed in the respective cells were observed under a scanning electron microscope (SEM). The observed 
images are shown in Figures 4A through 4D. As shown in Figure 4A, the liquid crystal display device of Example 1a 
has regularly patterned polymeric walls similar to those in the liquid crystal display device of Comparative Example 2 
(shown in Figure 4D), which was produced in the conventional method using a photomask. Thus, it was confirmed 
that, in the liquid crystal display device of Example 1 a, little polymeric material entered a pixel. The liquid crystal display 
device of Example 1 b had, as shown in Figure 4B, regularly patterned polymeric walls, and it was confirmed that much 
less polymeric material entered a pixel. The polymeric walls in the liquid crystal display device of Comparative Example 
1 were irregularly formed as in a polymer dispersed liquid crystal display device. 

Example 1c: 

[0218] In this example, a liquid crystal display device driven by the TFT drive was produced. As shown in Figures 
5A, 5B and 6, non-pixel portions on a TFT substrate 40 bearing TFTs 45 and pixel electrodes 42 and a black mask 43 
on a counter substrate 41 were subjected to the PI printing with a thin film material. The used thin film material was 
JALS-240 (manufactured by Japan Synthetic Rubber Co., Ltd.) including a small amount of polyethylene glycol lauric 
acid monoester as a nonionic surface active agent. Thus, thin films 46 and 47 were formed. The surface free energy 
of the non-pixel portions bearing the thin films 46 and 47 was 33 mN/m. The surface free energy of a portion bearing 
no thin film was 79.5 mN/m. The resultant substrates 40 and 41 were attached to each other with a spacer (not shown) 
having a diameter of 5 jam therebetween. A counter electrode 48 opposing the pixel electrode 42 is formed over the 
black mask 43. 

[0219] A mixture of 0.1 g of trimethylol propane trimethacrylate, 0.35 g of 2-ethylhexyl acrylate and 0.45 g of isobornyl 
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acrylate was used as a photopolymerizable material. ZLI-4792 (manufactured by Merck & Co., Inc.) including 0.3 wt% 
of cholesteric nonalate (CN) is used as a liquid crystal material. Irgacure 184 (manufactured by CIBA-GEIGY Corpo- 
ration) was used as a photopolymerization initiator. The homogeneous mixture of the photopolymerizable material, 4 
g of the liquid crystal material and 0.1 5 g of the photopolymerization initiator was vacuum injected into the thus produced 
cell. 

[0220] A photomask 49 having a light shielding portion 50 was disposed so that each pixel electrode 42 corresponds 
to each light shielding portion 50 as shown in Figure 6. Then, the liquid crystal cell was irradiated with UV rays through 
the photomask at 10 mW/cm 2 for 10 minutes, thereby polymerizing the photopolymerizable material. Thus, a liquid 
crystal region 51 surrounded by polymeric walls 52 was obtained. 

Comparative Example 3 : 

[0221] Similarly to Example 1c, a TFT substrate 40 and a counter substrate 41 shown in Figures 5A and 5B were 
attached to each other with a spacer having a diameter of 5 jum therebetween. Thus, a cell was produced. The same 
type of mixture as that used in Example 1c was vacuum injected into the cell. 

[0222] Also similarly to Example 1c, a photomask 49 having a light shielding portion 50 was disposed so that each 
pixel electrode 42 corresponds to each light shielding portion 50, and the liquid crystal cell was irradiated with UV rays 
through the photomask at 1 0 mW/cm 2 for 1 0 minutes. 

[0223] The pixels of the liquid crystal display devices produced in Example 1c and Comparative Example 3 were 
observed through an optical microscope. In the pixel of the liquid crystal display device of Example 1 c, the liquid crystal 
material and the polymeric material were phase-separated more definitely and less polymeric material entered the 
pixel than in the pixel of the liquid crystal display device of Comparative Example 3. 

[0224] The electro-optical characteristics of these liquid crystal display devices were measured. The liquid crystal 
display device of Example 1c was superior to that of Comparative Example 3 in the contrast and the response rate. 
[0225] In Examples 1, 1a through 1c, the liquid crystal display devices of the non-scattering mode were described. 
The present invention is, however, not limited to this and is applicable to a liquid crystal display device of the scattering- 
transmittance mode. 

[0226] Also in the above-mentioned examples, the liquid crystal display devices were driven by the simple matrix 
drive method or TFT drive method. The present invention is, however, applicable to a liquid crystal display device 
driven by the active drive method using an MIM or the like. Thus, the driving method is not specified. 
[0227] Further, as the substrates opposing each other, a pair of plastic film substrates and the like can be used. 

Example 2 : 

[0228] This example is similar to Examples 1 and 1a through 1c, and like reference numerals are used to refer to 
like elements. 

[0229] Figure 1 6A is a sectional view of a substrate of this example, and Figure 1 6B is a sectional view thereof taken 
on line A-A of Figure 1 6A. A glass substrate 1 (with a thickness of 1 .1 mm) bearing a transparent electrode 20 made 
of ITO (with a thickness of 50 nm) was subjected to the spin coating with OMR 83 (manufactured by Tokyo Oyo Kagaku) 
including 2 wt% of p-(perfluorooctyl) ethylacrylate and dried. Then, the substrate 1 was covered with a photomask and 
subjected to UV-ray irradiation. In this manner, the substrate 1 was provided with a resist 21 having a pattern as shown 
in Figure 1 6A. The surface free energy of the transparent electrode 20 and that of the resist 21 were as listed in Table 
2 below. 



Table 2: 



Surface Free Energy on Substrate: 




On ITO electrode 


On resist 


Surface Free Energy (y c (mN/m)) 


92.8 


29 



[0230] The surface free energy of liquid crystal material and a photopolymerizable material to be used in this example 
were as listed in Table 3 below. 
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Table 3: 



Surface Free Energy of Liquid Crystal and Photopolymerizable Compound: 




ZLI-4792 (incl. 0.4% S-811) 


Photopolymerizable Compound 


Surface free energy (mN/m) 


32 


26 



[0231] The substrates bearing the resist 21 and the transparent electrode 20 were attached to each other with a 
spacer having a diameter of 5.5 jim therebetween. Thus, a cell was produced. The following materials were mixed to 
obtain a mixture to be injected into the cell: 0.1 g of a compound 1 represented by Formula 3 below; 0.2 g of p- 
fluorostyrene; 0.2 g of p-(perfluorooctyl) ethylacrylate; 4.5 g of ZLI-4792 (manufactured by Merck & Co., Inc.) including 
0.4 wt% of S-811 (a chiral agent) as a liquid crystal material; and 0.025 g of Irgacure 651 as a polymerization initiator. 
Thus, the mixture including the components as listed in Table 4 was obtained. 

Formula 3: 

R-©-©-R 

R:CH2=CHC00(CH 2 )a-0- 



Table 4: 



Components of the mixture used in Examples 2, 6 and 7 (wt%): 




Compound 1 


p-(Perfluorooctyl) ethylacrylate 


Octyl aery I ate 


p-fluoro styrene 


Example 2 


20 


40 


0 


40 


Example 6 


20 


20 


20 


40 


Example 7 


20 


0 


40 


40 



[0232] The obtained mixture was injected into the cell, and the cell was subjected to UV-ray irradiation by using a 
high pressure mercury lamp at 7 mW/cm 2 at a temperature of 1 00°C through the formed pattern for 8 minutes, thereby 
polymerizing the photopolymerizable material. When the UV-ray irradiation was performed on the other side of the 
liquid crystal cell (i.e., on the surface bearing no pattern), the same effect was exhibited. Since the temperature of the 
substrate exceeds the isotropic temperature T iso of the liquid crystal material, the liquid crystal molecules are deposited 
not during the irradiation but in the subsequent annealing. After the UV-ray irradiation, the liquid crystal cell was slowly 
annealed from 1 00°C to 30°C over 1 2 hours while applying a voltage of ±2.5 V (square wave: 60 Hz). 
[0233] The liquid crystal cell was observed with a polarizing microscope. As shown in Figure 1 7, it was found that a 
liquid crystal domain D has the same regularity in the pattern as the dot pattern (i.e., the pattern of the pixels). Also, 
the observation found a schlieren texture 1 7, which is generally observed when the liquid crystal molecules in a liquid 
crystal domain D existing in approximately each of pixel regions 18 are oriented axisymmetrically or concentrically, 
and a dark ring in the vicinity of a polymeric wall 8, which was described with regard to Figure 15. Although the liquid 
crystal cell was further observed while applying a voltage, a disclination line was not formed in response to the applied 
voltage. 

[0234] A pair of polarizing plates were attached to the liquid crystal cell so that the polarization axes thereof cross 
at a right angle, thereby obtaining a liquid crystal display device in which the liquid crystal region 7 is surrounded by 
the polymeric walls 8. The substrates were peeled off from the liquid crystal cell in liquid nitrogen, and the liquid crystal 
material was washed with acetone. After drying, the polymeric material remained on the substrate was observed with 
a laser microscope. It was found that the polymeric material with a thickness of approximately 0.1 |iim was attached 
within the liquid crystal region 7. 

[0235] The electro-optical characteristics of the liquid crystal display device are listed in Table 5 together with those 
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of display devices produced in the subsequent examples, and also shown in Figures 18A through 18F. 



Table 5: 



Display Characteristics: 




Ex.2 


Ex.3 


Com. Ex. 5 


Ex.6 


Ex.7 


Ex.10 


Light transmittance under no voltage applied (%) 


61 


78 


94 


65 


63 


75 


Light transmittance under 10 V voltage applied (%) 


0.6 


2.1 


0.1 or less 


0.8 


1.4 


0.6 


V 90 (V) 


5.3 


5.5 


4.3 


5.9 


6.5 


5.4 


Reverse contrast viewing in intermediate display 


O 


O 


X 


O 


O 


O 



[0236] In Table 5, the liquid crystal display device in which the reverse contrast viewing was not observed is marked 
with O ; and one in which the reverse contrast viewing was observed with ease is marked with x. As the value of 
voltage to be applied becomes large, the light transmittance of the cell varies. V 90 is defined as a voltage where the 
light transmittance varies by 90% with respect to the whole amount of variation of the light transmittance. 
[0237] The results shown in Table 5 and Figures 1 8A through 1 8F reveal that the reverse contrast viewing, which is 
observed in a TN cell of Comparative Example 5 described below (the electro-optical characteristics thereof are shown 
in Figures 1 9A through 1 9F), is not observed in the liquid crystal cell of this example, and that the light transmittance 
is not increased in wide viewing at the time of voltage saturation. These results were obtained assuming that the two 
polarizing plates having parallel polarization axes are blank (i.e., have 100% transmittance). 



Comparative Example 4 : 

25 [0238] A pattern was formed on a substrate by using the surface free energy arrangement similarly to Example 2 
using the same material but in the reverse pattern as shown in a plan view and a sectional view of Figures 20A and 
20B. Such a substrate was made into a cell in the same manner as in Example 2, and a liquid crystal display device 
was produced under similar conditions to that in Example 2. The liquid crystal display device was observed under a 
polarizing microscope. It was found that polymeric walls 8 were formed around the center of a rectangular portion 

30 having smaller surface free energy so as to be surrounded by liquid crystal regions 7 as shown in Figure 21 . Based 
on Example 2 and Comparative Example 4, it is confirmed that, in using a pattern of the surface free energy arrange- 
ment, a photopolymerizable material having smaller surface free energy in the mixture is collected in an area having 
smaller surface free energy and the liquid crystal material having larger surface free energy in the mixture is collected 
in an area having larger surface free energy, thereby obtaining energetic stability. 

35 

Comparative Example 5: 



[0239] On a similar substrate to these in Example 2, an alignment film was formed by the spin coating with AL-4552 
(manufactured by Japan Synthetic Rubber Co., Ltd.) and was sintered. The resultant substrate was subjected to a 
rubbing treatment using a nylon cloth. A pair of such substrates were attached to each other so that the orientation 
directions were vertical to each other in the same manner as in Example 2. The same liquid crystal material ZLI-4792 
including 0.4 wt% of S-81 1 was injected into the cell, and a pair of polarizing plates were attached to the thus produced 
liquid crystal cell so that the polarization axes thereof cross at a Right angle. Thus, a conventional TN display device 
was produced. 

[0240] The electro-optical characteristics of the liquid crystal display device are shown in Table 5 and Figures 19A 
through 19F. 



Example 3 : 

[0241] A counter substrate used in this example was provided with a color filter 24 having, as shown in Figure 22, 
a matrix of a color filter portion 22 in the same shape as that of a pixel electrode 20 and a transparent portion 23 around 
the color filter portion 22. A TFT substrate 27 was provided with a black matrix 26 containing p -(perfluorooctyl) ethy- 
lacrylate on the surface thereof and having, as shown in Figures 23A and 23B, a hole 25 in the same shape as that of 
the pixel electrode 20 at a position corresponding to the pixel electrode 20. These two substrates were attached to 
each other so as to fabricate a cell with a thickness of 5.5 jum. The same type of a mixture as that used in Example 2 
was injected into the cell and the UV-ray irradiation was performed through the color filter 24 in the cell. 
[0242] The thus produced liquid crystal cell was observed under a polarizing microscope. Most of the pixels were 
occupied by a mono-domain liquid crystal region, in which the liquid crystal molecules were spirally oriented. A pair of 
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polarizing plates were attached to the liquid crystal cell so that the polarization axes thereof cross at a right angle. 
Thus, a liquid crystal display device of this example was produced. The light transmittance of the liquid crystal display 
device under application of no voltage is shown in Table 5 above. The light transmittance was measured assuming 
that the cell sandwiched between the polarizing plates having parallel polarization axes (i.e., the cell before the injection 
of the liquid crystal material) is blank (i.e., have 100% light transmittance). 

Examples 4 and 5 : 

[0243] Liquid crystal cells of these examples have the same pattern as those formed in Examples 2 and 3 shown in 
Figures 1 6A and 1 6B. A mixture to be injected into a cell was obtained by mixing 0. 1 g of R-684, 0.2 g of p-fluorostyrene, 
0.2 g of p -(perfluorooctyl) ethylacrylate, 4.5 g of the liquid crystal material ZLI-4792 (manufactured by Merck & Co., 
Inc.) including 0.4 wt% of S-811 , and 0.025 g of the photopolymerization initiator Irgacure 651. The mixture was injected 
into the same type of a liquid crystal cells as those produced in Examples 2 and 3 and the similar procedures were 
performed to produce liquid crystal display devices of Examples 4 and 5, respectively. The liquid crystal display device 
of Example 4 was observed under a polarizing microscope with an application of no voltage and also with a voltage. 
[0244] In applying no voltage, a schlieren texture 17, which is generally observed when liquid crystal molecules in 
a liquid crystal domain D existing in approximately each pixel region 1 8 are oriented axisymmetrically or concentrically 
with respect to the center axis AX, was observed as shown in Figure 24A. 

[0245] In this liquid crystal display device, a disclination line 1 5 was formed in the vicinity of a polymeric wall 8 around 
a liquid crystal region 7 when a voltage was applied, as shown in Figure 24B. When the liquid crystal display device 
of Example 5 was observed in the same manner, a disclination line 1 5 was hardly formed in the pixel region 1 8. It was 
confirmed that the disclination line 15 was concealed by the black matrix 26 shown in Figures 23A and 23B or no 
disclination line 15 was formed. 

Examples 6 and 7 : 

[0246] Liquid crystal display devices of Examples 6 and 7 were produced by using mixtures including the same type 
of liquid crystal material as that used in Example 2 and the photopolymerizable material including components listed 
in Table 4 above and the same type of cells as that produced in Example 2 under the same condition as in Example 
2. By using the thus produced liquid crystal display devices, an effect obtained by using a monomer having a fluorine 
atom was measured. As a result, as shown in Table 5 above, the liquid crystal display devices including the monomer 
having a fluorine atom, i.e., the liquid crystal display devices of Example 2, 3, 6 and 1 0, exhibited excellent character- 
istics such that the driving voltage was decreased and the light transmittance under application of a saturated voltage 
was decreased. 

Comparative Example 6 : 

[0247] A cell was produced in the same manner as in Example 3, and the same type of a mixture as that used in 
Example 3 was injected into the cell. The liquid crystal cell was subjected to the UV-ray irradiation in the same manner 
as in Example 3 through a TFT substrate 27. A pair of polarizing plates were attached to the liquid crystal cell. Thus, 
a polymer dispersed liquid crystal display device was produced. 

[0248] In the liquid crystal display device of this comparative example, the liquid crystal regions were formed in 
granular shapes, and the obtained display was rough as a whole. 

Example 8 (In the case where a thermosetting material is used): 

[0249] A cell similar to that produced in Example 2 was used. A mixture containing 0.1 g of bisphenol A diglycidylate, 
0.3 g of isobornyl acrylate, 0.1 g of p-(perfluorooctyl) ethylacrylate, 4.5 g of the liquid crystal material ZLI-4792 (man- 
ufactured by Merck & Co., Inc.) including 0.4 wt% of S-811 , and 0.05 g of t-butyl peroxide as a polymerization initiator 
was injected into the cell. The resultant liquid crystal cell was heated at a temperature of 150°C for 2 hours while 
applying a voltage of ±2.5 V (square wave: 60 Hz), and annealed slowly from 150°C to 30°C over 12 hours. The 
resultant liquid crystal cell was observed under a polarizing microscope to find the orientation of the liquid crystal 
molecules in the same state as in Example 2. A pair of polarizing plates were attached to the liquid crystal cell so that 
the polarization axes thereof cross at a right angle. The viewing angle characteristics of the thus produced liquid crystal 
display device were also excellent. 
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Example 9 (In the case where the UV-ray irradiation is conducted after thermal phase-separation): 

[0250] The used cell and the used mixture were the same as those used in Example 2. The liquid crystal cell was 
heated up to 100°C, thereby attaining the isotropic phase of the liquid crystal material. Then, the temperature was 
gradually decreased from 100°C, and the polymerizable material and the liquid crystal material were phase-separated 
at a temperature of 50°C. The resultant liquid crystal cell was subjected to the UV-ray irradiation by using a high 
pressure mercury lamp at 7 mW/cm 2 for 10 minutes to polymerize the polymerizable material. In this case, since the 
phase-separation between the liquid crystal material and the polymerizable material was conducted before the polym- 
erization of the polymerizable material, the polymeric material was scarcely attached to the substrate within the liquid 
crystal region, resulting in the improved black level. Further, the holding ratio was as high as 97% (at a temperature 
of 25°C) because the polymerization reaction is unlikely to be caused in the liquid crystal region. 
[0251 ] The thus produced liquid crystal cell was observed under a polarizing microscope to find that the liquid crystal 
molecules were oriented in the same manner as in Example 2 and that the polymeric wall was regularly formed. There- 
fore, the obtained display was less rough. 

[0252] A pair of polarizing plates were attached to the liquid crystal cell so that the polarization axes thereof cross 
at a right angle. The viewing angle characteristics of the thus produced liquid crystal display device were also excellent. 

Example 10 (In the case where a mixture of the compounds 1 and 2 is used): 

[0253] A cell was produced in the same manner as in Example 2. As a mixture to be injected into the cell, 0.25 g of 
the compound 1 represented by Formula 3, 0.175 g of a compound 2 represented by the following Formula 4, 0.2 g 
of p-fluorostyrene, 0. 1 5 g of p-(perfluorooctyl) ethylacrylate, 4.5 g of the liquid crystal material ZLI-4792 (manufactured 
by Merck & Co., Inc.) including 0.4 wt% of S-81 1 , and 0.025 g of the polymerization initiator Irgacure 651 were homo- 
geneously mixed. 



[0254] The obtained mixture was injected into the cell, and the isotropic phase of the mixture was attained in the 
same manner as in Example 9. The temperature was gradually decreased to deposit the liquid crystal material, and 
then the UV-ray irradiation was conducted for the polymerization. 

[0255] The thus produced liquid crystal cell was observed under a polarizing microscope to find the structure as 
shown in Figures 24A and 24B. The peripheral ring, which was observed in the liquid crystal cell produced in Example 
2, was not observed in this example. The presence of such a ring indicates that the liquid crystal molecules are oriented 
axisymmetrically with respect to the central axis of the pixel region. When the liquid crystal display device was further 
observed while applying a voltage, no disclination line was formed. A pair of polarizing plates were attached to the 
liquid crystal cell so that the polarization axes thereof cross at a right angle. The viewing angle characteristics of the 
thus produced liquid crystal display device were also excellent. 

Examples 11, 12, 13 and Comparative Example 7 (Material for a resist on a substrate): 

[0256] Liquid crystal cells produced in these examples and comparative example have a resist pattern as shown in 
Figure 16. A glass substrate 1 with a thickness of 1.1 mm bearing a transparent electrode 20 made of ITO (with a 
thickness of 50 nm) was subjected to the spin coating with OMR 83 (manufactured by Tokyo Oyo Kagaku), and dried. 
The resulting substrate was covered with a photomask and subjected to the UV-ray irradiation through the photomask. 
Thus, the substrate bearing a resist 21 in the same pattern as that formed in Example 2 was produced as Example 
11 . A substrate of Example 12 was produced in the same manner except that 4 wt% of -(perfluorooctyl) ethylacrylate 
was contained in OMR 83. A substrate of Example 13 was also produced in the same manner except that OFPR 800 
(manufactured by Tokyo Oyo Kagaku) was used instead of OMR 83. A substrate of Comparative Example 7 was 
produced in the same manner except that OFPR 800 (Manufactured by Tokyo Oyo Kagaku) including 2 wt% of epoxy 
ester 3002 M (manufactured by Kyoeisha Yushi Kagaku) was used instead of OMR 83. The surface free energy of the 
resists formed with the respective materials are listed in Table 6 below. The surface free energy of the ITO used in 
these examples was 92.8 mN/m. By using the respective substrates, cells were produced in the same manner as in 
Example 2. The same type of mixture as that used in Example 2 was injected into each cell. Thus, liquid crystal-polymer 



Formula 4: 



F F 
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complex display devices were produced. 



Table 6: 



Surface free energy on the resist material: 




Example 11 


Example 12 


Example 13 


Comparative Example 7 


Surface Free Energy (mN/m) 


33.1 


30.1 


65.1 


78.2 


Note: The surface free energy of ITO is 92.8 mN/m. 



[0257] The observation of the liquid crystal cells produced in Examples 2 and 1 1 through 1 3 found that the polymeric 
wall was formed on the resist 21 in all the cells. When the difference in the surface free energy is larger, however, the 
regularity of the polymeric wall was improved and the roughness of the obtained display was decreased. Particularly, 
in Comparative Example 7, where a difference in the surface free energy between the resist and the transparent elec- 
trode is 14.6 mN/m, the polymeric wall has little regularity. Therefore, the resist material used in Comparative Example 
7 has poor controllability for forming a liquid crystal region within each pixel. 

[0258] A pair of polarizing plates were attached to each liquid crystal cell so that the polarization axes thereof cross 
at a right angle. The viewing angle characteristics of the thus produced liquid crystal display devices were excellent. 

2o Example 14 (In the case where the patterns are formed on both the substrates): 

[0259] A cell produced in this example has a resist pattern as shown in Figure 16. The same type of substrates as 
that produced in Example 2 bearing a pattern with a arrangement of surface free energy was used in this example. A 
pair of such substrates were attached to each other so that the pattern formed with the resist 21 on one substrate was 
matched with the pattern on the other substrate. The same type of a mixture as that used in Example 9 was injected 
into the thus produced cell, and the phase-separation between the liquid crystal material and the polymeric material 
was conducted in the same manner as in Example 9. The thus produced cell was observed with a polarizing microscope 
to find the formation of an almost perfectly patterned polymeric walls. 

[0260] A pair of polarizing plates were attached to the liquid crystal cell so that the polarization axes thereof cross 
at a right angle. The viewing angle characteristics of the thus produced liquid crystal display device were excellent. 

Examples 15, 16, 17 and Comparative Example 8 (Cell gap): 

[0261] By using the same type of materials as those used in Comparative Example 7, four kinds of substrates each 
bearing a similar pattern to that formed in Comparative Example 7 were produced as Examples 15, 16, 17 and Com- 
parative Example 8. The difference between these four substrates is in the thickness of the respective regions formed 
thereon as shown in Table 7 below. By using the respective substrates, liquid crystal cells were produced in the same 
manner as in Comparative Example 7. Each of the liquid crystal cells was observed under a polarizing microscope to 
find the following: In the liquid crystal cells of Examples 15 through 17, polymeric walls were regularly formed; and in 
the liquid crystal cell of Comparative Example 8, a number of bubbles remained because the cell gap was so small 
that a sufficient amount of the mixture did not enter the liquid crystal cell. 



Table 7: 







Comparative 


Example 15 


Example 16 


Example 17 


Comparative 


45 




Example 7 








Example 8 




Thickness of resist 


0.17 


0.83 


2.97 


4.73 


5.22 


















Thickness A of cell 


5.33 


4.68 


2.53 


0.77 


0.28 




above the resist 












50 


(jim) 














A/thickness of cell 


0.03 


0.15 


0.54 


0.86 


0.95 




above ITO 














Phase-separation 


Random 


Good 


Good 


Good 


Many Bubbles 
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Example 18 (Polymer matrix SIN): 



[0262] A cell produced in this example has the same resist pattern as that shown in Figure 16. A glass substrate 
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with a thickness of 1 .1 mm bearing a transparent electrode 20 made of ITO (with a thickness of 50 nm) was coated 
with a polyimide alignment film (Saneba 150; manufactured by Nissan Kagaku). The resultant substrate is subjected 
to the spin coating with OMR 83 including 2 wt% of (3 -(perfluorooctyl) ethylacrylate, and dried. The substrate was 
covered with a photomask and subjected to UV-ray irradiation. Thus, a resist 21 was formed on the substrate in the 
same pattern as that in Example 2. The resultant substrate was subjected to a rubbing treatment in one direction. 
Another glass substrate, i.e., a counter substrate, also bearing the transparent electrode 20 was coated with the poly- 
imide alignment film alone, and subjected to the rubbing treatment. These substrates were attached to each other with 
a spacer therebetween so that the resultant cell thickness be 9\xm and that the rubbing direction in the rubbing treatment 
cross at an angle of 240°, thereby producing a cell for STN. A mixture including 0.2 g of R684 (manufactured by Nippon 
Kayaku Co., Ltd.), 0.1 g of p-phenylstyrene, 0.1 g of stearyl acrylate, 0.6 of the compound 2 represented by Formula 
4, 4 g of the liquid crystal material ZLI-4427 (Manufactured by Merck & Co., Inc.; wherein twist angle was previously 
adjusted to be 240° by adding S-811) and 0.025 g of the photopolymerization initiator Irgacure 651 was injected into 
the cell. Then, the photopolymerization was caused in the same manner as in Example 9. 

[0263] The thus produced liquid crystal cell was observed under a polarizing microscope to find that, as shown in 
Figure 25, an STN oriented liquid crystal region 7 was formed at an area approximately corresponding to each of the 
resists 21 and polymeric walls 8 were formed in a pattern so as to surround the liquid crystal region 7. The characteristics 
of the liquid crystal cell are shown in Table 8 below. A liquid crystal display device produced by using this liquid crystal 
cell exhibited display characteristics equal to those of the device using the ordinary STN liquid crystal cell produced 
in Comparative Example 9, and the displayed image was little changed by pressing the liquid crystal cell with a sharp 
instrument such as a pen. 



Table 8: 



Display characteristics of polymer matrix STN: 




Contrast 


Response rate (ms) 


Display state when pressed with a pen 


Example 1 8 


9 


298 


not changed 


Comparative Example 9 


10 


250 


changed 



Comparative Example 9: 

[0264] By using the same type of a substrate as used in Example 18 bearing neither the resist 21 nor the surface 
free energy arrangement, an ordinary STN oriented liquid crystal cell was produced. The used liquid crystal material 
was the same type as that used in Example 18. The contrast, the response rate and the change in the display when 
the display area was pressed with a pen are listed in Table 8 above. Since the resist 21 is not formed in the liquid 
crystal cell of this comparative example, the transformation of the substrate caused by the pressure with a pen affects 
the display state. 

Example 19 (In the case where the surface free energy of the liquid crystal material and the polymerizable material 
are reversed): 

[0265] The same type of a substrate bearing an ITO electrode 20 as that used in Example 2 was coated with OMR 
83 (manufactured by Tokyo Oyo Kagaku) by the spin coating, and subjected to exposure/development by using a 
photomask. The used photomask was similar to the color filter 24 used in Example 2 and shown in Figure 22 except 
that the positions of the color filter portion 22 and the transparent portion 23 were reversed. Therefore, the thus produced 
substrate had a reverse resist pattern as compared with the resist pattern shown in Figure 23A. The thus produced 
substrate and a counter substrate bearing the ITO electrode 20 were attached to each other with a spacer having a 
diameter of 5.5 jam therebetween to produce a cell. A mixture including 0.04 g of R684, 0.2 g of p-fluorostyrene, 4.4 g 
of the liquid crystal material ZLI-4792 (manufactured by Merck & Co., Inc.) including 0.4 wt% of S-811 , 0.025 g of the 
polymerization initiator Irgacure 651 was injected into the cell, and the polymerization was caused. The surface free 
energy of the polymerizable material was 39.2 mN/m, which was larger than that of the liquid crystal material, that is, 
32 mN/m. A polymeric wall and a liquid crystal region were formed in a reverse pattern of those formed in Example 3. 
[0266] By using the thus produced liquid crystal cell, a liquid crystal display device was produced in the same manner 
as in Example 2. The liquid crystal display device was observed with a polarizing microscope to find that the polymeric 
material and the liquid crystal material were collected on the ITO electrode 22 and the resist 21 , respectively. 
[0267] Even when the surface free energy of the liquid crystal material and the polymerizable material were the 
reverse of those of Example 2 as in this example, the polymeric wall and the liquid crystal region can be intentionally 
positioned by providing adequate arrangement of the surface free energy on the substrate. 
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Example 20 : 

[0268] On a sufficiently washed glass substrate (#7059; manufactured by Corning Co., Ltd.) with a thickness of 1 .1 
mm, ITO was evaporated as a transparent electrode into a thickness of 100 nm. The substrate bearing the ITO was 
subjected to the spin coating of a photo resist, an exposing/developing process with UV rays, etching of the ITO, and 
peeling of the resist in this order. In this manner, striped electrodes with a pitch of 1 00 |um, the width of 80 jum, and the 
interval therebetween of 20 jum were formed on the substrate. A pair of such substrates were attached to each other 
with a spacer having a diameter of 5 jum therebetween so that the surfaces bearing the electrodes face each other 
and that the striped electrodes cross at a right angle, thereby producing a cell. 

[0269] The mixture injected into this liquid crystal cell includes 90 wt% of the liquid crystal material ZLI-4792 (man- 
ufactured by Merck & Co., Inc.), 4 wt% of isobornyl methacrylate, 4 wt% of isobornyl acrylate, 1.5 wt% of p-phenyl 
styrene, 0.25 wt% of the polymerization initiator Irgacure 651 , and 0.2 wt% of S-81 1 . The components were homoge- 
neously mixed, and the homogeneous mixture was injected into the cell by the vacuum injection, while retaining a 
condition where the mixture was not exposed to UV rays. 

[0270] Then, the thus produced liquid crystal cell was further processed so that a voltage can be externally applied 
to the electrodes in the liquid crystal cell. The liquid crystal cell was heated to a temperature of 1 00°C in a thermostat, 
and after maintaining the temperature for 1 hour, a voltage of ±5 V (square wave: 60 Hz) was applied to the electrodes 
on both substrates. The liquid crystal cell was then annealed to a temperature of 74°C, while applying this voltage. It 
was previously confirmed that the mixture was separated into the liquid crystal phase and the isotropic phase of the 
polymeric material at this temperature. Further, while maintaining the applied voltage and this temperature, the liquid 
crystal cell was irradiated with UV rays by using a high pressure mercury lamp at 7 mW/cm 2 (365 nm) for 10 minutes. 
Thus, the separated liquid crystal phase and isotropic phase were fixed as a liquid crystal region and a polymeric wall. 
Then, the application of the voltage was stopped, and a polarizer and an analyzer were attached to the respective 
outside surfaces of the substrates so that the transmittance axes thereof cross at a right angle. Thus, a liquid crystal 
display device was produced. The result of the observation of this liquid crystal display device under a polarizing 
microscope is shown in Figure 26. The comparison of the observation results between this liquid crystal display device 
of Example 20 and a liquid crystal display device of Comparative Example 10 described below are listed in Table 9 
below. 

[0271] In Figure 26, the striped electrodes are indicated with A 1 and A 2 , and the intervals between the electrodes, 
i.e., non-electrode portions, are indicated with B 1 and B 2 . As is shown in Figure 26, the liquid crystal region 7 is well 
controlled to be formed in an area where an electric field is applied, and the polymeric wall 8 is also well controlled to 
be formed in the non-electrode portion. A schlieren texture 17 was found in each liquid crystal region 7. The cross 
portions of the schlieren texture 17 are, however, parallel to the transmittance axes of the polarizer and the analyzer. 
Therefore, the schlieren texture 17 does not cause quality degradation of the liquid crystal display device. 
[0272] This liquid crystal display device exhibited excellent display characteristics, its viewing angle characteristics 
were superior to those of a conventional TN liquid crystal display device, and no reverse contrast was caused. The 
visual observation could find no irregularity in the light transmittance, and no roughness was found when visually 
observed at a distance of 1 0 cm from the liquid crystal cell. 



Table 9: 



Comparison between the liquid crystal display devices of Example 20 and Comparative Example 1 0: 




Example 20 


Comparative Example 10 


Roughness (at a distance of 1 0 cm from the 
device) 

Roughness (at a distance of 30 cm from the 
device) 


None 
None 


Found 

Found (less than observed at a distance of 1 0 cm) 



Comparative Example 10 : 



[0273] Similarly to Example 20, a cell was produced and processed so that a voltage could be applied to the elec- 
trodes therein. Then, the electrodes were shortcircuited so as not to be applied with a voltage. The same type of mixture 
as that used in Example 20 was injected by the vacuum injection into the cell, which was then heated to a temperature 
of 100°C in a thermostat. The temperature was maintained for 1 hour. Then, the liquid crystal cell was annealed to a 
temperature of 74°C. While maintaining this temperature, the liquid crystal cell was subjected to the UV-ray irradiation 
by using a high pressure mercury lamp at 7 mW/cm 2 (wavelength: 365 nm) for 10 minutes, thereby fixing the phase- 
separated liquid crystal phase and isotropic phase as a liquid crystal region and a polymeric wall. A pair of polarizing 
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films were attached to both surfaces of the liquid crystal cell so that the transmittance axes thereof cross at a right 
angle. Thus, a liquid crystal display device was produced. 

[0274] The result of the observation of this liquid crystal display device under a polarizing microscope are shown in 
Figure 27. The electrodes and the non-electrode portions are indicated similarly to Figure 26. As is shown in Figure 
5 27, the position and the shape of each liquid crystal region are not sufficiently controlled as they are in Example 20, 
and the respective liquid crystal regions have different sizes. 

[0275] This liquid crystal display device also exhibited excellent display characteristics, its viewing angle character- 
istics were superior to those of a conventional TN liquid crystal display device, and no reverse contrast was caused. 
The visulal observation, however, found irregularities in the light transmittance as shown in Table 9 above, and the 
10 roughness could be observed even at a distance of 30 cm from the liquid crystal cell. 

Example 21 : 

[0276] A substrate was produced in the same manner as in Example 20, and the surface thereof bearing the electrode 

15 was subjected to the spin coating with a polyimide alignment film and the rubbing treatment. A pair of such substrates 
were attached to each other with a spacer therebetween in the same manner as in Example 20. The spacer used in 
this example had a diameter of 6.5 jum instead of 5 jwn. A mixture obtained by homogeneously mixing 85 wt% of the 
liquid crystal material ZLI-4427 including S-811 , 6 wt% of isobornyl acrylate, 6 wt% of R-684, 2.5 wt% of styrene and 
0.5 wt% of the polymerization initiator Irgacure 651 was injected into the thus produced cell by the vacuum injection. 

20 [0277] As the liquid crystal material used in this example, the ZLI-4427 was mixed with S-811 so as to adjust the 
relationship between a chiral pitch p and a cell gap d to be d/p = 0.5. Then, the liquid crystal cell was heated to a 
temperature of 100°C in a thermostat, and the temperature was maintained for 1 hour. A voltage of ±5 V (square wave: 
60 Hz) was then applied to the electrode on each substrate. While maintaining this applied voltage, the liquid crystal 
cell was annealed to a temperature of 71 °C. It was previously confirmed that the mixture was phase-separated into 

25 the liquid crystal phase and the isotropic phase at this temperature. While keeping this temperature and the applied 
voltage, the liquid crystal cell was subjected to the UV-ray irradiation by using a high pressure mercury lamp at 7 mW/ 
cm 2 (365 nm) for 8 minutes, thereby fixing the separated liquid crystal phase and isotropic phase as a liquid crystal 
region and a polymeric wall. Then, the application of the voltage was stopped, and a polarizer and an analyzer were 
attached to the respective surfaces of the liquid crystal cell. Thus, a liquid crystal display device was produced. 

30 [0278] The result of the observation of this liquid crystal display device under a polarizing microscope is shown in 
Figure 29. The optical characteristics of the liquid crystal region were equal to those of a conventional STN liquid crystal 
display device. The electrodes and the non-electrode portions are indicated similarly to Figure 26. Also in this example, 
the liquid crystal regions are well controlled so as to be formed in an area where an electric field is applied. In this 
example, a schlieren texture, which was observed as shown in Figure 27, was not formed. 

35 [0279] In the liquid crystal display device of this example, no change of the displayed image in color and the like was 
observed when a pressure was applied to the device, while the displayed image is changed in a conventional liquid 
crystal display device. Further, neither irregularity nor roughness was observed in the display. 

Example 22 : 

40 

[0280] A glass substrate bearing a TFT (a thin film transistor) used for the active matrix drive and a counter substrate 
bearing an alignment film were used to produce a cell. The alignment film disposed nearest to the liquid crystal material 
was not subjected to the rubbing treatment differently from a conventional liquid crystal display device using a TFT. 
The liquid crystal cell was provided with a terminal electrode so that a voltage could be applied to a transparent elec- 
ts trode, and the same type of a mixture as that used in Example 20 was injected into the liquid crystal cell by the vacuum 
injection. The thus produced liquid crystal cell was heated to a temperature of 1 00°C in a thermostat, and the temper- 
ature was maintained for 1 hour. A voltage of ±5 V (square wave: 60 Hz) was applied through the TFT to the electrodes 
on both the substrates. While maintaining the applied voltage, the liquid crystal cell was annealed to a temperature of 
74°C. While maintaining the temperature and the applied voltage, the liquid crystal cell was subjected to the UV-ray 
50 irradiation by using a high pressure mercury lamp at 7 mW/cm 2 (365 nm) for 20 minutes, thereby fixing the separated 
liquid crystal phase and isotropic phase as the liquid crystal region and the polymeric wall. 

[0281] The UV-ray irradiation was conducted for a longer time than in Example 20 because the liquid crystal cell was 
irradiated through the substrate bearing the TFT and the irradiating UV rays was decreased by the driving wiring 
between the electrodes. 

55 [0282] Then, the application of the voltage was stopped, and a polarizing film and an analyzing film were attached 
to both the surfaces of the liquid crystal cell so that the transmittance axes thereof cross at a right angle. In this manner, 
a liquid crystal display device was produced. The result of the observation of the liquid crystal display device under a 
polarizing microscope is shown in Figure 28. As shown in Figure 28, the position and the shape of a liquid crystal 
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region 7 were well controlled to be adjusted to those of a pixel. A polymeric wall 8 was scarcely formed within a pixel 
contributing to the display. 

[0283] This liquid crystal display device also exhibited excellent display characteristics, its viewing angle character- 
istics were superior to those of a conventional TN liquid crystal display device, and no reverse contrast was caused. 
5 Further, the visual observation found no irregularity in the light transmittance, and no roughness was visually observed 
at a distance of 1 0 cm from the liquid crystal cell. 

Example 23 : 

w [0284] Figure 30 is a sectional view of a liquid crystal display device of this example. As shown in Figure 30, the 
liquid crystal display device includes a pair of substrates 1 and 2 made from a glass or the like and opposing each 
other, and a liquid crystal region 7 and surrounded by polymeric walls 8, which work together as a display medium, 
sandwiched between the substrates 1 and 2. The substrate 1 is provided with wiring as an ITO electrode 3 on the inner 
surface, and the substrate 2 is provided with wiring as an ITO electrode 4 on the inner surface. A portion where the 

15 electrode 3 opposes the electrode 4 works as a pixel. 

[0285] The production method for this liquid crystal display device will now be described. 

[0286] The ITO electrodes 3 and 4 are formed on one of the surfaces of the substrates 1 and 2, respectively, in a 
striped shape so as to have a thickness of 200 nm. Then, an alignment film is formed thereon by, for example, coating 
the substrate with SE-150 (manufactured by Nissan Kagaku) by the spin coating into a thickness of 50 nm and then 

20 sintering it. Finally, the surface of the alignment film is subjected to the rubbing treatment in one direction using a nylon 
cloth. At this point, the touch and the contact pressure of the pile of the rubbing cloth against the electrode are different 
from those against the non-electrode portion. Specifically, as shown in Figure 31, when a rubbing roller 32 covered 
with a rubbing cloth 31 are rotated and the substrate 1 bearing the electrode 3 and the alignment film 30 are simulta- 
neously moved in the direction shown by an arrow, the pile of the rubbing cloth 31 applies a larger pressure to the 

25 electrode than to the non-electrode portion. Therefore, the resultant surfaces of the alignment film 30 on the electrode 
and the non-electrode are different. After the rubbing treatment, the substrates 1 and 2 are attached to each other with 
a spacer therebetween so that the electrodes 3 and 4 oppose each other. A mixture of a liquid crystal material, a 
photopolymerizable or thermosetting material and a polymerization initiator is injected into the thus obtained liquid 
crystal cell. In this example, the following materials are used for preparing the mixture: 0.612 g of the liquid crystal 

30 material ZLI-4792 (manufactured by Merck & Co., Inc.); 0.03 g of isobornyl acrylate, 0.03 g of p-(perfluorooctyl) ethy- 
lacrylate and 0.008 g of p-phenyl styrene as photopolymerizable materials; and 0.003 g of the photopolymerization 
initiator Irgacure 651 (manufacture by CIBA-GEIGY Corporation). 

[0287] The thus produced cell is heated to a temperature of 95°C, where the liquid crystal material is in the isotropic 
phase, and the temperature is maintained. Then, the UV-ray irradiation is conducted, for example, at 10 mW/cm 2 for 

35 10 minutes. The cell is then annealed to room temperature at a rate of approximately -0.2°C/min. This annealing in 
the isotropic phase collects the polymerizable material in a non-electrode portion. Then, the liquid crystal cell is sub- 
jected to UV-ray irradiation again at 10 mW/cm 2 for 10 minutes. The thus produced liquid crystal cell was observed 
under a polarizing microscope to find that the polymeric wall 8 is formed in the non-electrode portion as shown in Figure 
32. The miscible temperature T N _| of the liquid crystal region 7 is 86°C, while that of the liquid crystal alone is 90°C. 

40 This reveals that the pixel is approximately occupied by the liquid crystal material and that the liquid crystal material 
and the polymerizable material were definitely phase-separated. 

Example 24 : 

45 [0288] Figure 33 is a sectional view of a liquid crystal display device of this example during the rubbing treatment. 
As shown in Figure 33, a wiring is provided on the surface of a substrate 1 made of glass or the like as an electrode 
3 and an alignment film 30 is formed thereon. A resist 21 is further formed in a concave corresponding to an interval 
between the electrodes 3 in the alignment film 30. A counter substrate has a similar structure, and a portion where the 
respective electrodes oppose when the two substrates are attached to each other works as a pixel. 

50 [0289] The production method for the liquid crystal display device of this example will now be described. 

[0290] An ITO electrode 3 is formed on each of a pair of substrates in a striped shape. An alignment film 30 is formed 
on the electrode 3 with SE-150 (manufactured by Nissan Kagaku) into a thickness of approximately 50 nm. Then, in 
a concave formed between the electrodes 3 in the alignment film 30, a positive photo resist 21 is formed by using 
OFPR-800 (manufactured by Tokyo Oyo Kagaku) by a photolithographic treatment into a thickness of approximately 

55 50 nm. Then, the surface of the substrate bearing the alignment film 30 and the resist 21 is subjected to the rubbing 
treatment using a nylon cloth or the like. The resist 21 can be peeled off during the rubbing treatment. The thus obtained 
substrate is attached to a counter substrate produced in the same manner with a spacer therebetween. 
[0291] A mixture of a liquid crystal material, a photopolymerizable or thermosetting material and a polymerization 
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initiator is injected into the thus produced cell. The mixture used in this example includes 0.612 g of the liquid crystal 
material ZLI-4792 (manufactured by Merck & Co., Inc.); 0.03 g of isobornyl acrylate, 0.03 g of p -(perfluorooctyl) ethy- 
lacrylate and 0.008 g of p-phenyl styrene as photopolymerizable materials; and 0.003 g of the polymerization initiator 
Irgacure 651 (manufactured by CIBA-GEIGY Corporation). The resultant liquid crystal cell is heated to a temperature 
of 95°C, where the liquid crystal material is in the isotropic phase, and the temperature is maintained. 
[0292] The liquid crystal cell is then subjected to the UV-ray irradiation at 1 0 mW/cm 2 for approximately 1 0 minutes. 
The liquid crystal cell is then annealed to room temperature at a rate of approximately -0.2°C/min. This annealing in 
the isotropic phase collects the polymerizable material in the non-pixel portion. Then, the UV-ray irradiation is conducted 
at 10 mW/cm 2 for 10 minutes at room temperature, thereby further polymerizing the polymerizable material. The thus 
produced liquid crystal cell is observed under a polarizing microscope to find that the polymeric wall is formed in the 
non-pixel portion as shown in Figure 32. The miscible temperature T N ., of the liquid crystal region is 86°C, while that 
of the liquid crystal material alone is 90°C. This reveals that the pixel is approximately occupied by the liquid crystal 
material and that the liquid crystal material and the polymerizable material are definitely phase-separated. 

Example 25 

[0293] In this example, five kinds of photopolymerizable materials, a through e, were prepared as listed in Table 10 
below. The surface free energy of the respective materials were also listed in Table 1 0. A mixture including 1 g of one 
of the photopolymerizable compounds, 4 g of a liquid crystal material E-7 (manufactured by Merck Inc., Co.) including 
0.4 wt% of S-811, and 0.025g of the photopolymerization initiator Irgacure 184 (manufactured by CIBA-GEIGY Cor- 
poration) was injected into a cell produced in the same manner as in Example 2. The resultant liquid crystal cells were 
subjected to the UV-ray irradiation by using a high pressure mercury lamp at 7 mW/cm 2 8 minutes, thereby polymerizing 
the photopolymerizable material. A large amount of the polymeric materials was found to have entered a pixel in the 
liquid crystal cells in the case of using the photopolymerizable materials a and b, while in the case of using the pho- 
topolymerizable materials c, d and e, polymeric materials were not found in the resultant liquid crystal cells. 



Table 10: 



Components and surface free energy of the photopolymerizable materials (wt%): 




Surface free energy (mN/m) 


DPCA-30 


Perfluorooctylethyl acrylate 


p-fluorostyrene 


a 


41.2 


1 00% 


0% 


0% 


b 


40.2 


95% 


0% 


5% 


c 


36.8 


80% 


10% 


10% 


d 


30.5 


60% 


20% 


20% 


e 


25.3 


40% 


30% 


30% 


Note: DPCA-30 is a photopolymerizable material manufactured by Nippon Kayaku Co., Ltd. 



Example 26 

[0294] A mixture including 1 g of one of the photopolymerizable materials a through e listed in Table 1 0, 4 g of the 
liquid crystal material E-7 (manufactured by Merck Inc., Co.) including 0.4 wt%of S-811 and 0.025 g of t-butyl peroxide 
as a thermopolymerization initiator was injected into a cell produced in the same manner as in Example 2, thereby 
producing five kinds of liquid crystal cells. The liquid crystal cells were heated at a temperature of 130°C for 4 hours 
to polymerize in the case of using the photopolymerizable materials. Similarly to Example 25, the photopolymerizable 
materials a and b, polymeric materials were found in a pixel, while in the case of using the photopolymerizable materials 
c, d, and e, polymeric materials were not found. 

Example 27 

[0295] By using the same kinds of mixtures as those used in Example 25, five kinds of liquid crystal cells were 
produced. The resultant cells were heated up to a temperature of 90°C, and then annealed at a rate of -0.5°C/min, to 
a temperature that is 2°C lower than the isotropic temperature of each mixture. While maintaining the temperature, 
the resultant cells were irradiated with UV rays by using a high pressure mercury lamp at 7 mW/cm 2 for 8 minutes, 
thereby polymerizing the photopolymerizable materials. In the liquid crystal cells in the case of using the photopolym- 
erizable materials a and b, a small amount of the polymeric materials were found in a pixel. In the case of using the 
photopolymerizable materials c, d, and e, not only was no polymeric material found in the pixel but also the amount of 
the liquid crystal material trapped in the polymeric wall was decreased. 
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[0296] The liquid crystal display devices described in the above-mentioned examples have the following character- 
istics: 

1 . The liquid crystal molecules in the liquid crystal region are axisymmetrically oriented. Because of this orientation, 
5 the liquid crystal display devices have improved viewing angle characteristics. Specifically, such liquid crystal dis- 
play devices are applicable to a plane display apparatus for wide viewing in a personal computer, a word processor, 
an amusement machine or a TV set, and a display board, a window, a door, a wall or the like using a shutter effect. 

2. The liquid crystal molecules in the liquid crystal region on at least one substrate are oriented in one direction. 
10 By using the conventionally used alignment regulating force of the alignment film of the TN or STN liquid crystal 

display device, the liquid crystal molecules are oriented in one direction on one substrate. Thus, the display char- 
acteristics are prevented from degrading due to the variation in the cell gap caused by an external pressure. Owing 
to this strength against the external pressure, the liquid crystal display device of this invention is applicable to a 
display apparatus having a pen detective keyboard or a portable remote terminal. 

15 

[0297] As is apparent from the above description, the polymeric wall can be formed in a desired position, and the 
liquid crystal material can be more definitely phase-separated from the polymeric material in the present invention. 
Therefore, the liquid crystal display device can achieve higher contrast. Moreover, since less polymeric material enters 
a pixel, the response rate can be improved. 
20 [0298] By providing a pair of polarizing plates, the liquid crystal cell is applicable to the conventional TN, STN, FLC 
(SSF) and ECB liquid crystal display devices, and the viewing angle characteristics and the contrast thereof are ex- 
cellent. 

[0299] The liquid crystal display device of this invention has a wide range of application such as a plane display 
apparatus for a projection TV, a personal computer or the like, and a display board, a window, a door, a wall or the like 
25 using a shutter effect. Further, a thin liquid crystal display device can be provided by using a thin substrate, a film 
substrate or the like. 

[0300] In the present invention, the liquid crystal molecules are oriented in one pixel axisymmetrically with respect 
to the center of the pixel. Since the liquid crystal molecules are thus oriented omnidirectionally, the degradation in the 
contrast depending upon the viewing direction, which causes a problem in a conventional liquid crystal display device, 
30 can be avoided. In particular, the polymeric material is prevented from entering a pixel, the number of the liquid crystal 
domains in one pixel is decreased, and the liquid crystal molecules are oriented axisymmetrically so as to prevent the 
formation of a disclination line. In such a liquid crystal display device, not only the viewing angle characteristics but 
also the light transmittance under application of no voltage is improved. 

[0301] Furthermore, in the production method for a liquid crystal display device of the present invention, surface free 
35 energy arrangement is first provided on the surface of a substrate, and by using a difference in the surface free energy 
between liquid crystal material and a polymerizable material to be used, a polymeric wall is formed in a certain pattern. 
The polymerization can be caused by any use of heat and light, and complicated positioning of a photomask or the 
like can be omitted. 

[0302] In another embodiment of the liquid crystal display device of this invention, by selectively reforming the surface 
40 of an alignment film, the phase-separation between the liquid crystal material and the polymeric material is conducted 
and the positions thereof are controlled. The controlling method is also provided by this invention. The selective reform 
of the alignment film is conducted by using a level difference caused by an electrode or a pattern formed of a thin film 
such as a resist. This method is superior to the conventional methods such as a masking method, in which a photomask 
is fixed on the outside of a substrate, and an ITO self alignment method, in which ITO is used as a photomask for 
45 preventing the transmittance of UV rays. The superiority is in that there is no need to consider which material is to be 
used as the photomask and that the rubbing method, which has conventionally been used for producing a liquid crystal 
device, can be used to simplify the production procedure. 

[0303] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope of this invention. Accordingly, it is not intended that the scope of the claims appended hereto 
50 be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 

55 1. A liquid crystal display device comprising: 

a pair of substrates (1 , 2), at least one of which bears a plurality of areas (5) defined by a regular pattern of 
arrangement of surface free energy; 
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a polymeric wall (8) made of a polymeric material formed by polymerising a polymerisable compound, the wall 
being sandwiched between the substrates (1 , 2) and disposed in areas having a first surface free energy; and 
a plurality of liquid crystal regions (7) made of a liquid crystal material substantially surrounded by the polymeric 
wall (8), sandwiched between the substrates (1 , 2), and disposed in areas having a second surface free energy, 
each liquid crystal region being in direct contact with an associated electrode; 

wherein positions of the areas having the first surface free energy, the areas having the second surface free 
energy, the polymeric wall and the liquid crystal region are determined so that the first surface free energy yp, the 
second surface free energy y E , surface free energy y LC of the liquid crystal material and surface free energy Ym of 
the polymeric material satisfy the following relationship: 

(Y e -Yp) x (Ylc-Ym) >0 

A liquid crystal display device according to claim 1 , wherein the first surface free energy is smaller than the second 
free energy. 

A liquid crystal display device according to claim 1, wherein a gap d 1 between the substrates in a pixel is larger 
that a gap d 2 between the substrates in at least part of a non-pixel portion. 

A liquid crystal display device according to claim 3, wherein the gaps d 1 and d 2 are determined so as to satisfy 
the following relationship: 

0.1 x d 1 < d 2 < 0.9 x d 1 

A liquid crystal display device according to claim 3, 

wherein the liquid crystal display device is an active matrix display device, 

one of the substrates having an active element has a light shielded area in the non-pixel portion, and 
the other substrate has an area partially transmissive to UV rays in at least part of the non-pixel portion. 

A liquid crystal display device according to claim 1 , and further comprising a thin film formed in at least part of a 
non-pixel portion on a surface of at least one of the substrates, the surface bearing the display medium, the thin 
film being formed so as to make the surface free energy of the non-pixel portion smaller than the surface free 
energy of a pixel. 

A liquid crystal display device according to claim 6, wherein each of at least 70% of the pixels has at least one of 
the liquid crystal regions having a size of 30% or more of that of the pixel. 

A liquid crystal display device according to claim 6, wherein the surface free energy of the non-pixel portion is 75 
mJ/m 2 or less. 

A liquid crystal display device according to claim 6, wherein a difference in the surface free energy between the 
non-pixel portion and the pixel is 15 mJ/m 2 or more. 

A method of producing a liquid crystal display device including a pair of substrates (1 ,2), at least one of which is 
transparent, and a complex film sandwiched between the substrates, the complex film including a liquid crystal 
material and a polymeric material; 

the method comprising spatially controlling the surface free energy of the interface between at least one of 
the substrates facing the complex film and at least one of the liquid crystal material and the polymeric film so as 
to control the position of the liquid crystal material during the production of the liquid crystal display device. 

A method of producing a liquid crystal display device according to claim 1 0, wherein a photosensitive resin is used 
for controlling the free energy of the interface. 

A method of producing a liquid crystal display device according to claim 10, and comprising the step of treating 
one or more areas of a substrate so as to make the surface free energy of the treated area(s) of the substrate 
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different from the surface free energy of a non-treated area of the substrate. 

13. A method of producing a liquid crystal display device according to claim 1 0, 

wherein a distance between the substrates is controlled so that a surface area of a phase-separated interface 
between components of the complex film in a controlled axi-symmetric orientation state is smaller than the surface 
area of the phase -separated interface between components of the complex film in a random orientation state, 
thereby controlling interfacial free energy on the phase-separated interface for spatially controlling the free energy 
of the system. 

14. A method of producing a liquid crystal display device according to claim 10, wherein the complex film is formed 
when a mixture including at least liquid crystal material and a photopolymerizable material is injected between a 
pair of substrates and irradiated with UV rays so as to cause phase-separation accompanied with a polymerization 
reaction, thereby regularly arranging a polymeric material and the liquid crystal material, at least one of the sub- 
strates having a plurality of areas formed by using a regular surface free energy arrangement so that surface free 
energy of areas having smaller surface free energy is 75 mJ/m 2 or less. 

15. A method of producing a liquid crystal display device according to claim 10, wherein the complex film is formed 
when a mixture including at least liquid crystal material and a photopolymerizable material is injected between a 
pair of substrates and irradiated with UV rays so as to cause phase-separation accompanied with a polymerizable 
reaction, thereby regularly arranging a polymeric material and the liquid crystal material, at least one of the sub- 
strates having a plurality of first and second areas arranged in a regular pattern, the first areas and second areas 
having a difference in surface free energy of at least IS mJ/m 2 . 

16. A method of producing a liquid crystal display device according to Claim 1 0, the device including a plurality of liquid 
crystal regions surrounded by a polymeric wall, the method comprising the steps of: 

forming a thin film on at least part of a non-pixel portion of at least one of the substrates; 
attaching the substrates to each other so as to have the thin film on an inner surface and have a gap there- 
between; 

injecting a mixture including at least liquid crystal material, a photopolymerizable material and a polymerization 
initiator into the gap; and irradiating the mixture with UV rays so as to form the display medium including the 
liquid crystal regions surrounded by the polymeric wall; 

wherein the step of forming the display medium includes phase-separation between the liquid crystal material 
and a polymeric material is conducted while applying at least one of a voltage and a magnetic field. 

17. A method of producing a liquid crystal display device according to claim 1 6, 

wherein a portion of the mixture corresponding to a pixel is covered with a photomask in the step of irradiating 
the mixture with UV rays so that irradiation intensity on the portion covered with the photomask becomes 80% or 
less of intensity of irradiating UV rays. 

18. A method of producing a liquid crystal display device according to claim 10, wherein the complex film is formed 
when a mixture including at least liquid crystal material and a thermopolymerizable material is injected between a 
pair of substrates and heated so as to cause phase-separation accompanied with a polymeric reaction, thereby 
regularly arranging a polymeric material and the liquid crystal material, at least one of the substrates having a 
plurality of areas formed by using surface free energy arrangement so that surface free energy of an area having 
a lower free energy is 75 mJ/m 2 or less. 

19. A method for producing a liquid crystal display device according to claim 10, wherein the complex film is formed 
when a mixture including at least liquid crystal material and a thermopolymerizable material is injected between a 
pair of substrates and heated so as to cause phase-separation accompanied with a polymeric reaction, thereby 
regularly arranging a polymeric material and the liquid crystal material, at least one of the substrate having a 
plurality of areas formed by using surface free energy arrangement with a difference in surface free energy of 15 
mJ/m 2 or more. 

20. A method of producing a liquid crystal display device according to claim 16, 18 or 19, wherein the step of forming 
the display medium includes phase-separation between the liquid crystal material and a polymeric material is 
conducted while applying at least one of a voltage and a magnetic field. 
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21 . A method of producing a liquid crystal display device according to claim 1 8 or 1 9, wherein the thermopolymerizable 
material includes a polymerizable liquid crystal material. 

22. A method of producing a liquid crystal display device according to claim 18 or 20, wherein surface free energy of 
the thermopolymerizable material is 40 mN/m or less. 

23. A method of producing a liquid crystal display device according to claim 14, 15, 18 or 20, 

wherein a liquid crystal cell fabricated by injecting the mixture including the liquid crystal material and the 
thermopolymerizable material between the substrates is annealed from a temperature greater than an isotropic 
temperature T iso of the mixture of the liquid crystal material and the thermopolymerizable material down to a tem- 
perature below the isotropic temperature T iso . 

24. A method of producing a liquid crystal display device according to claim 12, 

wherein an alignment film is formed on the interface between one of the substrates and the complex film. 

25. A method for producing a liquid crystal display device according to claim 24, 

wherein the alignment film is subjected to a rubbing treatment so that a surface of the alignment film is 
selectively reformed by using a difference in rubbing intensity due to a level difference caused by the electrodes. 

26. A method for producing a liquid crystal display device according to claim 24, wherein a coat is formed in a specified 
area on the alignment film. 

27. A method for producing a liquid crystal display device according to claim 25, comprising the steps of: 

fonning an alignment film on the substrates bearing the electrodes; 
forming a coat in a specified area on the alignment film; and 
subjecting the alignment film and the coat to a rubbing treatment. 

28. A method of producing a liquid crystal display device as claimed in claim 14 or 15 wherein the phase-separation 
between the liquid crystal material and the polymeric material is conducted while applying at least one of a voltage 
and a magnetic field. 

29. A method of producing a liquid crystal display device as claimed in claim 14, 15 or 16 wherein the photopolymer- 
izable material includes a polymerizable liquid crystal. 

30. A method of producing a liquid crystal display device as claimed in claim 14, 15 or 16 wherein the surface free 
energy of the photopolymerizable material is 40 mJ/m 2 or less. 

31. A method of producing a liquid crystal display device as claimed in claim 14 or 15 wherein a liquid crystal cell 
fabricated by injecting the mixture including the liquid crystal material and the photopolymerizable material between 
the substrates is annealed from a temperature greater than an isotropic temperature T jso of the mixture of the liquid 
crystal material and the photopolymerizable material down to a temperature below the isotropic temperature T iso . 



Patentanspruche 

1. Flussigkristall-Anzeigevorrichtung mit: 

einem Paar Substrate (1, 2) von denen mindestens eines eine Anzahl von Gebieten (5) tragt, die durch ein 
regelmaGiges Anordnungsmuster freier Oberflachenenergie gebildet sind; 

einer Polymerwand (8) aus einem Polymermaterial, das dadurch hergestellt wurde, dass eine polymerisierbare 
Verbindung polymerisiert wurde, wobei die Wand zwischen den Substraten (1, 2) eingebettet ist und in Ge- 
bieten mit einer ersten freien Oberflachenenergie angeordnet ist; und 

einer Anzahl von Flussigkristallbereichen (7) aus einem Flussigkristallmaterial, das im Wesentlichen von der 
Polymerwand (8) umgeben ist, zwischen den Substraten (1 , 2) eingebettet ist und in Bereichen mit einer 
zweiten freien Oberflachenenergie angeordnet ist; wobei jeder Flussigkristallbereich in direktem Kontakt mit 
einer zugeordneten Elektrode steht; 

wobei Positionen der Gebiete mit der ersten freien Oberflachenenergie, der Gebiete mit der zweiten freien 
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Oberflachenenergie, der Polymerwand und des Flussigkristallbereichs so bestimmt sind, dass die erste freie 
Oberflachenenergie tp, die zweite freie Oberflachenenergie yE, die freie Oberflachenenergie yl_C des Flus- 
sigkristallmaterials und die freie Oberflachenenergie yM des Polymermaterials die folgende Beziehung erful- 
len: 

5 

(Y E " Tp) x (Tlc " Ym) > 0 

2. Flussigkristall-Anzeigevorrichtung nach Anspruch 1 , bei der die erste freie Oberflachenenergie kleiner als die zwei- 
10 te freie Energie ist. 

3. Flussigkristall-Anzeigevorrichtung nach Anspruch 1, bei der ein Zwischenraum d 1 zwischen den Substraten in 
einem Pixel groBer als ein Zwischenraum d 2 zwischen den Substraten in mindestens einem Teil eines Nicht-Pi- 
xelabschnitts ist. 



15 



20 



55 



4. Flussigkristall-Anzeigevorrichtung nach Anspruch 3, bei der die Zwischenraume d 1 und d 2 so bestimmt sind, dass 
sie die folgende Beziehung erfullen: 

0,1 x d 1 < d 2 < 0,9 x d 1 



5. Flussigkristall-Anzeigevorrichtung nach Anspruch 3, bei der 

die Flussigkristall-Anzeigevorrichtung eine Anzeigevorrichtung mit aktiver Matrix ist; 
25 - eines der Substrate mit einem aktiven Element uber ein gegen Licht abgeschirmtes Gebiet im Nicht-Pixelab- 

schnitt verfugt; und 

das andere Substrat uber ein Gebiet verfugt, das zumindest in einem Teil des Nicht-Pixelabschnitts fur UV- 
Strahlung teildurchlassig ist. 

30 6. Flussigkristall-Anzeigevorrichtung nach Anspruch 1 , ferner mit einem Dunnfilm, der zumindest in einem Teil eines 
Nicht-Pixelabschnitts auf einer Flache mindestens eines der Substrate ausgebildet ist, wobei diese Flache das 
Anzeigemedium tragt und der Dunnfilm so ausgebildet ist, dass er die freie Oberflachenenergie des Nicht-Pixel- 
abschnitts kleiner als die freie Oberflachenenergie eines Pixels macht. 

35 7. Flussigkristall-Anzeigevorrichtung nach Anspruch 6, bei der jedes von mindestens 70 % der Pixel mindestens 
einen von Flussigkristallbereichen mit einer GroBe von 30 % oder mehr derjenigen des Pixels enthalt. 

8. Flussigkristall-Anzeigevorrichtung nach Anspruch 6, bei der die freie Oberflachenenergie des Nicht-Pixelabschnitts 
75 mJ/m 2 oder weniger betragt. 

40 

9. Flussigkristall-Anzeigevorrichtung nach Anspruch 6, bei der die Differenzderfreien Oberflachenenergien zwischen 
dem Nicht-Pixelabschnitt und dem Pixel 15 mJ/m 2 oder mehr betragt. 

10. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung mit einem Paar Substrate (1, 2), von denen 
45 mindestens eines transparent ist, und einem komplexen Film, der zwischen den Substraten eingebettet ist und 

ein Flussigkristallmaterial und ein Polymermaterial enthalt; 

wobei zum Verfahren das raumliche Kontrollieren der freien Oberflachenenergie der Grenzflache zwischen 
mindestens einem der Substrate, mit Zuwendung zum komplexen Film, und/oder dem Flussigkristallmaterial 
50 und/oder dem Polymerfilm in solcher Weise gehort, dass die Position des Flussigkristallmaterials wahrend 

der Herstellung der Flussigkristall-Anzeigevorrichtung kontrolliert wird. 

11. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem zum Kontrollieren 
der freien Energie der Grenzflache ein fotoempfindliches Harz verwendet wird. 



12. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 1 0, mit dem Schritt des Behan- 
delns eines oder mehrerer Gebiete eines Substrats in solcher Weise, dass die freie Oberflachenenergie des min- 
destens einen behandelten Gebiets des Substrats von der freien Oberflachenenergie eines nicht behandelten 
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Gebiets des Substrats ist. 

13. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem der Abstand zwi- 
schen den Substraten so kontrolliert wird, dass die Flache einer Phasentrennungs-Grenzflache zwischen Kom- 
ponenten des komplexen Films in einem kontrollierten, achsensymmetrischen Ausrichtungszustand kleiner als 
die Flache der Phasentrennungs-Grenzflache zwischen Komponenten des komplexen Films in einem Zustand mit 
zufalliger Ausrichtung ist, urn dadurch die freie Grenzflachenenergie an der Phasentrennungs-Grenzflache zu 
kontrollieren, urn die freie Energie des Systems zu kontrollieren. 

14. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem der komplexe Film 
dann hergestellt wird, wenn eine Mischung, die zumindest ein Flussigkristallmaterial und ein fotopolymerisierbares 
Material enthalt, zwischen ein Paar Substrate eingefullt und mit UV-Strahlung bestrahlt wird, urn fur eine Phasen- 
trennung einhergehend mit einer Polymerisationsreaktion zu sorgen, um dadurch ein Polymermaterial und das 
Flussigkristallmaterial regelmaBig anzuordnen, wobei mindestens eines der Substrate uber eine Anzahl von Ge- 
bieten verfugt, die unter Verwendung einer regelmaBigen Anordnung der freien Oberflachenenergie so ausgebildet 
sind, dass die freie Oberflachenenergie von Gebieten mit kleinerer freier Oberflachenenergie 75 mJ/m 2 oder we- 
niger betragt. 

15. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem der komplexe Film 
dann hergestellt wird, wenn eine Mischung, die zumindest ein Flussigkristallmaterial und ein polymerisierbares 
Material enthalt, zwischen ein Paar Substrate eingefullt und mit UV-Strahlung bestrahlt wird, um fur Phasentren- 
nung einhergehend mit einer Polymerisationsreaktion zu sorgen, um dadurch ein Polymermaterial und das Flus- 
sigkristallmaterial regelmaBig anzuordnen, wobei mindestens eines der Substrate uber eine Anzahl erster und 
zweiter, in einem regelmaBigen Muster angeordneter Gebiete verfugt, wobei die ersten zwei Gebiete eine Differenz 
der freien Oberflachenenergien von mindestens 15 mJ/m 2 aufweisen. 

16. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem die Vorrichtung 
mehrere durch eine Polymerwand umgebene Flussigkristallbereiche aufweist, mit den folgenden Schritten: 

Herstellen eines Dunnfilms auf mindestens einem Teil eines Nicht-Pixelabschnitts mindestens eines der Sub- 
strate; 

Anbringen der Substrate in solcher Weise aneinander, dass der Dunnfilm auf einer Innenseite liegt und zwi- 
schen ihnen ein Zwischenraum vorhanden ist; 

Einfullen einer Mischung, die zumindest ein Flussigkristallmaterial, ein fotopolymerisierbares Material und 
einen Polymerisationsstarter enthalt, in den Zwischenraum; und 

Bestrahlen der Mischung mit UV-Strahlung, um das Anzeigemedium auszubilden, das die durch die Polymer- 
wand umgebenen Flussigkristallbereiche enthalt; 

wobei der Schritt des Ausbildens des Anzeigemediums, zu dem ein Phasentrennvorgang zwischen dem Flus- 
sigkristallmaterial und einem Polymermaterial gehort, ausgefuhrt wird, wahrend eine Spannung und/oder ein 
Magnetfeld angelegt werden. 

17. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 16, bei dem ein einem Pixel 
entsprechender Abschnitt der Mischung im Schritt des Bestrahlens der Mischung mit UV-Strahlung durch eine 
Fotomaske so abgedeckt wird, dass die Bestrahlungsintensitat im durch die Fotomaske bedeckten Abschnitt 80 
% oder weniger der Intensitat der bestrahlenden UV-Strahlung wird. 

18. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem der komplexe Film 
dann ausgebildet wird, wenn eine Mischung, die mindestens ein Flussigkristallmaterial und ein durch Warme po- 
lymerisierbares Material enthalt, zwischen ein Paar Substrate eingefullt und erwarmt wird, um fur Phasentrennung 
einhergehend mit einer Polymerisierungsreaktion zu sorgen, um dadurch ein Polymermaterial und das Flussigkri- 
stallmaterial regelmaBig anzuordnen, wobei auf mindestens einem der Substrate eine Anzahl von Gebieten unter 
Verwendung einer Anordnung der freien Oberflachenenergie so ausgebildet wird, dass die freie Oberflachenen- 
ergie eines Gebiets mit niedrigerer freier Energie 75 mJ/m 2 oder weniger betragt. 

19. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 10, bei dem der komplexe Film 
dann ausgebildet wird, wenn eine Mischung, die mindestens ein Flussigkristallmaterial und ein durch Warme po- 
lymerisierbares Material enthalt, zwischen ein Paar Substrate eingefullt und erwarmt wird, um fur Phasentrennung 
einhergehend mit einer Polymerisierungsreaktion zu sorgen, um dadurch ein Polymermaterial und das Flussigkri- 
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stallmaterial regelmaBig anzuordnen, wobei mindestens eines der Substrate eine Anzahl von Gebieten aufweist, 
die unter Verwendung einer Anordnung der freien Oberflachenenergie mit einer Differenz der freien Oberflache- 
nenergien von 15 mJ/m 2 oder mehr ausgebildet werden. 

20. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 16, 18 oder 19, bei dem der 
Schritt des Ausbildens des Anzeigemediums, zu dem ein Phasentrennvorgang zwischen dem Flussigkristallma- 
terial und einem Polymermaterial gehort, ausgefuhrt wird, wahrend eine Spannung und/oder ein Magnetfeld an- 
gelegt werden. 

21. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 18 oder 19, bei dem das durch 
Warme polymerisierbare Material ein polymerisierbares Flussigkristallmaterial enthalt. 

22. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 18 oder 20, bei dem die freie 
Oberflachenenergie des durch Warme polymerisierbaren Materials 40 mN/m oder weniger betragt. 

23. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 14,15,18 oder 20, bei dem eine 
Flussigkristallzelle, die durch Einfullen der Mischung mit dem Flussigkristallmaterial und dem durch Warme poly- 
merisierbaren Material zwischen die Substrate hergestellt wurde, ab einer Temperatur uber der isotropen Tempe- 
ratur T iso der Mischung aus dem Flussigkristallmaterial und dem durch Warme polymerisierbaren Material bis auf 
eine Temperatur unter der isotropen Temperatur T iso getempert wird. 

24. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 12, bei dem an der Grenzflache 
zwischen einem der Substrate und dem komplexen Film ein Ausrichtungsfilm ausgebildet wird. 

25. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 24, bei dem der Ausrichtungsfilm 
einer Reibebehandlung unterzogen wird, damit die Oberflache des Ausrichtungsfilms selektiv umgeformt wird, 
wobei eine Differenz der Reibeintensitaten aufgrund einer durch die Elektroden hervorgerufenen Niveaudifferenz 
ausgenutzt wird. 

26. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 24, bei dem in einem spezifi- 
zierten Gebiet auf dem Ausrichtungsfilm ein Uberzug ausgebildet wird. 

27. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 25, mit den folgenden Schritten : 

Ausbilden eines Ausrichtungsfilms auf den die Elektroden tragenden Substraten; 
Ausbilden eines Uberzugs in einem spezifizierten Gebiet auf dem Ausrichtungsfilm; und 
der Ausrichtungsfilm und der Uberzug werden einer Reibebehandlung unterzogen. 

28. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 14 oder 15, bei dem die Pha- 
sentrennung zwischen dem Flussigkristallmaterial und dem Polymermaterial ausgefuhrt wird, wahrend eine Span- 
nung und/oder ein Magnetfeld angelegt werden. 

29. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 14, 15 oder 16, bei dem das 
fotopolymerisierbare Material einen polymerisierbaren Flijssigkristall enthalt. 

30. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 14, 15 oder 16, bei die freie 
Oberflachenenergie des fotopolymerisierbaren Materials 40 mJ/m 2 oder weniger betragt. 

31. Verfahren zum Herstellen einer Flussigkristall-Anzeigevorrichtung nach Anspruch 14, oder 15, bei dem eine Flus- 
sigkristallzelle, die durch Einfullen der Mischung mit dem Flussigkristallmaterial und dem durch fotopolymerisier- 
baren Material zwischen die Substrate hergestellt wurde, ab einer Temperatur uber der isotropen Temperatur T iso 
der Mischung aus dem Flussigkristallmaterial und dem durch fotopolymerisierbaren Material bis auf eine Tempe- 
ratur unter der isotropen Temperatur T iso getempert wird. 



Revendications 

1. Dispositif a cristaux liquides comprenant : 



40 



EP 0 645 660 B1 



une paire de substrats (1 , 2) dont au moins un porte une pluralite de zones (5) definies par un motif regulier 
de disposition d'energie libre superficielle ; 

une paroi polymerique (8) constitute d'un materiau polymerique obtenu en polymerisant un compose poly- 
merisable, la paroi etant interposee entre les substrats (1 ,2) et disposee dans des zones ayant une premiere 
energie libre superficielle ; et 

une pluralite de regions de cristaux liquides (7) constitutes d'un materiau cristal liquide pratiquement entou- 
rees par la paroi polymerique (8), interposees entre les substrats (1 , 2) et disposees dans des zones ayant 
une seconde energie libre superficielle, chacune des regions de cristaux liquides etant en contact direct avec 
une electrode associee ; 

dans lequel les positions des zones ayant la premiere energie libre superficielle, les zones ayant la seconde 
energie libre superficielle, la paroi polymerique et la region de cristaux liquides sont determinees de telle sorte 
que la premiere energie libre superficielle y P , la seconde energie libre superficielle y E , I'energie libre superficielle 
y LC du materiau cristal liquide et I'energie libre superficielle y M du materiau polymerique satisfont la relation 
suivante : 

(Ye " Y P ) x (Y LC " Ym ) > 0 

2. Dispositif a cristaux liquides selon la revendication 1 dans lequel la premiere energie libre superficielle est inferieure 
a la seconde energie libre superficielle. 

3. Dispositif a cristaux liquides selon la revendication 1 dans lequel un espace d 1 entre les substrats d'un pixel est 
plus large qu'un espace d 2 entre les substrats d'au moins une partie d'une region sans pixel. 

4. Dispositif a cristaux liquides selon la revendication 3 dans lequel les espaces d 1 et d 2 sont determines afin de 
satisfaire a la relation suivante : 

0,1 x d 1 < d 2 < 0,9 x d 1 

5. Dispositif a cristaux liquides selon la revendication 3, 

dans lequel le dispositif a cristaux liquides est un dispositif d'affichage a cristaux liquides a matrice active, 
un des substrats ayant un element actif a une zone protegee contre la lumiere dans la zone sans pixel, et 
I'autre substrat a une zone transmettant partiellement les ultraviolets dans au moins une partie de la zone 
sans pixel. 

6. Dispositif a cristaux liquides selon la revendication 1 , comprenant en outre un film mince constitue sur au moins 
une partie d'une region sans pixel sur une surface d'au moins un des substrats, la surface portant le support 
d'affichage, le film mince etant constitue de telle sorte que I'energie libre superficielle de la zone sans pixel soit 
plus petite que I'energie libre superficielle d'un pixel. 

7. Dispositif a cristaux liquides selon la revendication 6 dans lequel chacun des pixels d'au moins 70% des pixels a 
au moins une des regions de cristaux liquides ayant une taille representant 30% ou plus de celle du pixel. 

8. Dispositif a cristaux liquides selon la revendication 6 dans lequel I'energie libre superficielle de la partie sans pixel 
est de 75 mJ/m 2 ou moins. 

9. Dispositif a cristaux liquides selon la revendication 6 dans lequel une difference d'energie libre superficielle entre 
la zone avec pixel et la zone sans pixel est de 1 5 mJ/m 2 ou plus. 

10. Procede de fabrication d'un dispositif d'affichage a cristaux liquides comprenant une paire de substrats (1, 2), dont 
au moins un est transparent et un film complexe interpose entre les substrats, le film complexe comprenant un 
materiau cristal liquide et un materiau polymerique ; 

le procede comprenant le controle spatial de I'energie libre superficielle de I'interface entre au moins un des 
substrats faisant face au film complexe et au moins le materiau cristal liquide et le film polymerique afin de controler 
la position du materiau cristal liquide au cours de la production du dispositif d'affichage a cristaux liquides. 
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1. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 10 dans lequel une resine photo- 
sensible sert a controler I'energie libre de I'interface. 

2. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 0, et comprenant I'etape consistant 
a traiter une ou plusieurs zones d'un substrat afin de rendre differente I'energie libre superficielle de la ou des 
zone(s) du substrat par rapport a I'energie libre superficielle d'une zone non-traitee du substrat. 

3. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 0, dans lequel une distance entre 
les substrats est controlee afin qu'une aire de surface d'une interface a phase separee entre les composants du 
film complexe d'orientation a symetrie axiale controlee soit plus petite que I'aire de surface de I'interface a phase 
separee entre les composants du film complexe a I'etat d'orientation aleatoire, controlant ainsi I'energie libre d'in- 
terface sur I'interface a phase separee afin de controler spatialement I'energie libre du systeme. 

4. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 10 dans lequel le film complexe 
est constitue d'un melange comprenant au moins un materiau cristal liquide et un materiau photopolymerisable 
est injecte entre une paire de substrats et soumis au rayon nement ultraviolet afin d'obtenir une separation de 
phase accompagnee d'une reaction de polymerisation, entralnant ainsi la disposition reguliere d'un materiau po- 
lymerique et du materiau cristal liquide, au moins un des substrats ayant une pluralite de zones formees en utilisant 
une disposition a energie libre superficielle reguliere afin que I'energie libre superficielle des zones ayant I'energie 
libre superficielle la plus faible soit de 75 mJ/m 2 ou moins. 

5. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 10 dans lequel le film complexe 
est constitue d'un melange comprenant au moins un materiau cristal liquide et un materiau photopolymerisable 
est injecte entre une paire de substrats et soumis au rayonnement ultraviolet afin d'obtenir une separation de 
phase accompagnee d'une reaction de polymerisation, entrainant ainsi la disposition reguliere d'un materiau po- 
lymerique et du materiau cristal liquide, au moins un des substrats ayant une pluralite de premieres et secondes 
zones disposees selon un motif regulier, les premiere zones et les secondes zones ayant une difference d'energie 
libre superficielle d'au moins 15 mJ/m 2 . 

6. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 0, le dispositif incluant une pluralite 
de regions a cristaux liquides entourees d'une paroi polymerique, le procede comprenant les etapes consistant a : 

fabriquer un film mince sur au moins une region sans pixel d'au moins un des substrats ; 

lier les substrats I'un a I'autre afin de placer le film mince sur une surface interieure et disposer d'un espace 

entre eux ; 

injecter un melange comprenant un materiau cristal liquide, un materiau photopolymerisable et un initiateur 
de polymerisation dans I'espace ; et soumettre le melange au rayonnement ultraviolet afin de constituer le 
support d'affichage comprenant les regions de cristal liquide entourees par la paroi polymerique ; 

dans lequel I'etape de realisation du support d'affichage comprenant la separation de phase entre le materiau 
cristal liquide et un materiau polymerique est menee tout en appliquant au moins une tension et un champ ma- 
gnetique. 

7. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 16 dans lequel une partie du me- 
lange correspondant a un pixel est recouverte d'un masque photographique lors de I'etape d'application du rayon- 
nement ultraviolet au melange de sorte que I'intensite du rayonnement sur la partie recouverte par le masque 
photographique atteint 80% ou moins de I'intensite du rayonnement ultraviolet applique. 

8. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 10 dans lequel le film complexe 
est constitue lorsqu'un melange comprenant au moins un materiau cristal liquide et un materiau thermopolymeri- 
sable est injecte entre une paire de substrats et chauffe afin d'obtenir une separation de phase accompagnee 
d'une reaction de polymerisation, entrainant ainsi ladisposition reguliere d'un materiau polymerique etdu materiau 
cristal liquide, au moins un des substrats ayant une pluralite de zones constitutes en utilisant ladisposition d'ener- 
gie libre superficielle de sorte que I'energie libre superficielle des zones ayant une energie libre superficielle la 
plus faible soit de 75 mJ/m 2 ou moins. 

9. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 10 dans lequel le film complexe 
est constitue lorsqu'un melange comprenant au moins un materiau cristal liquide et un materiau thermopolymeri- 
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sable est injecte entre une paire de substrats et chauffe afin d'obtenir une separation de phase accompagnee 
d'une reaction de polymerisation, entralnant ainsi la disposition reguliere d'un materiau polymerique et du material! 
cristal liquide, au moins un des substrats ayant une pluralite de zones constitutes en utilisant une disposition 
d'energie libre superficielle ayant une difference d'energie libre superficielle d'au moins 15 mJ/m 2 . 

5 

20. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 16, 18 ou 19 dans lequel I'etape 
de realisation du support d'affichage comprend la separation de phase entre le materiau cristal liquide et un ma- 
teriau polymerique est menee tout en appliquant au moins une tension et un champ magnetique. 

10 21. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 18 ou 19 dans lequel le materiau 
photopolymerisable comprend un materiau cristal liquide polymerisable. 

22. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 8 ou 20 dans lequel I'energie libre 
superficielle du materiau thermopolymerisable est de 40 mN/m ou moins. 

15 

23. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 14, 15, 18 ou 20, dans lequel une 
cellule de cristal liquide fabriquee par injection du melange comprenant le materiau cristal liquide et le materiau 
thermopolymerisable entre les substrats est recuit entre une temperature superieure a une temperature isotropique 
T iso du melange du materiau cristal liquide et du materiau thermopolymerisable jusqu'a une temperature inferieure 

20 a la temperature isotropique T iso . 

24. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 2, dans lequel un film d'alignement 
est forme a I'interface entre un des substrats et le film complexe. 

25 25. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 24 dans lequel le film d'alignement 
est soumis a un traitement de pongage afin d'obtenir un reformage selectif d'une surface du film d'alignement en 
utilisant une difference d'intensite de pongage du fait d'une difference de niveau due aux electrodes. 

26. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 24 dans lequel une couche est 
30 formee sur une region definie du film d'alignement. 

27. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 25 comprenant les etapes consistant 
a : 

35 realiser un film d'alignement sur les substrats portant les electrodes ; 

realiser une couche sur une surface determinee du film d'alignement ; et 
soumettre le film d'alignement et la couche a un traitement de pongage. 

28. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 14 ou 15 dans lequel I'etape de 
40 separation de phase entre le materiau cristal liquide et le materiau polymerique est menee tout en appliquant au 

moins une tension et un champ magnetique. 

29. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 4, 1 5 ou 1 6 dans lequel le materiau 
photopolymerisable comprend un cristal liquide polymerisable. 

45 

30. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 1 4, 1 5 ou 1 6 dans lequel I'energie 
libre superficielle du materiau photopolymerisable est de 40 mJ/m 2 ou moins. 

31. Procede de fabrication d'un dispositif a cristaux liquides selon la revendication 14 ou 15 dans lequel une cellule 
50 de cristal liquide fabriquee par injection du melange comprenant le materiau cristal liquide et le materiau photo- 
polymerisable entre les substrats est recuite entre une temperature superieure a une temperature isotropique T iso 
du melange du materiau cristal liquide et du materiau photopolymerisable jusqu'a une temperature inferieure a la 
temperature isotropique T iso . 

55 
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FIG. 3 
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FIG. 4 A 

Example 1a 





FIG.4C 

Comparative example 1 




FIG.4B 

Example 1b 




FIG.4D 

Comparative example 2 
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FIG. 5 A 
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FIG. 7 A 
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FIG. UA FIG. UB 
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FIG. 20 A 
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FIG. 24 A FIG. 24 B 
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FIG. 26 
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FIG. 29 
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